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response. More particularly, the present invention is directed to methods of inhibiting an RNAi response by contacting a cell with a 
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CONDITIONAL GENE EXPRESSION USING RNAi 



CROSS-REFERENCES TO RELATED APPLICATIONS 
[0001] The present application claims priority to USSN 60/413,794, filed September 26, 
S 2002, the disclosure of which is herein incorporated by reference in its entirety for all 
purposes. 

STATEMENT AS TO RIGHTS TO INVENTIONS MADE UNDER 
FEDERALLY SPONSORED RESEARCH AND DEVELOPMENT 
10 [0002] This invention was made with government support under Grant No. NIH 

5R01 AG11816, awarded by the NIH. The govermnent has certain rights in this invention. 



[0003] The present invention relates to regulation of gene expression and conditional gene 
15 expression by regulating an RNAi response. More particularly, the present invention is 
directed to methods of inhibiting an RNAi response by contacting a cell with a dsRNA 
directed against a component of the RNAi response, e.g,^ with a dcr-1 dsRNA, thereby 
inliibiting an RNAi response. The present invention also relates to regulation of lifespan in 
eukaryotes, e.g., enhancement of adult lifespan via modulation of aging associated proteins; 
20 as well as to the use of expression profiles, promoters, reporter genes, markers, and 

compositions in diagnosis and therapy related to lifespan extension, life expectancy, and 
aging. 



[0004] It has been shown that introduction of small interfering RNAs (siRNAs) into a cell 
25 can cause a specific interference of gene expression known as RNA interference (RNAi). 
McManus et al, J. Immunol 169(10):5754-60 (2002). RNA interference (RNAi) is a 
sequence specific nucleic acid degradation mechanism triggered by double stranded RNA 
(dsRNA). (McManus and Sharp, Nature Rev. Genet 3:131 (2002)). During RNA 
interference (RNAi), long dsRNA is processed into biologically active "short-interfering 
30 RNA" (siRNA) sequences of about 21-23 nucleotides in length. (Elbashir, et al. Genes Dev. 
15:188 (2001) and McManus et al, RNA 8(6):842-50 (2002)). The siRNA sequences induce 
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degradation of complementary target single stranded mRNA and thus "silence" the 
corresponding translated sequences. (Elbashir, et aL, Genes Dev. 15:188 (2001), McManus 
^ and Sharp, Natwe Rev. Genet, 3:737 (2002), and McManus et al, UNA 8(6):842.50 (2002)). 

[0005] The use of dsRNA interference to inhibit gene function is use&l in many organisms, 
5 as it is a highly specific and robust method of inactivating gene function by causing 

destruction of the corresponding RNA, RNAi is therefore a powerfiil therapeutic tool for 
regulating gene expression. Destruction of the mRNA is achieved by introducing the 
corresponding dsRNA into flie target cell or organism. Once activated, the RNAi response is 
extremely stable and can be heritable. Therefore, an important factor for use of this 
10 technology as a therapeutic is the ability to turn off the RNAi response once it has been 
established. 

[0006] Many diseases and disorders, including aging disorders and disorders associated 
with aging and increased age are associated with abnormal expression of particiilar genes. 
Therefore, there is a need in the art for additional methods of specifically modulating gene 
15 function. The present invention solves these and other problems. 



SUMMARY OF THE INVENTION 
[0007] An existing RNAi response can be turned off by inhibiting genes required for the 
RNAi response. To turn off an existing RNAi response, a dcr-l ^ICER) dsRNA has been 

20 introduced into an organism {see, e,g,, Ruvkun, Science 294;797 (2001)). Dicer is a key 
component of the RNAi machinery and loss of its function blocks the RNAi response , The 
use of dicer dsRNA therefore has wide appUcations as a modulator of the RNAi response, 
and provides a means for conditional gene expression using RNAi. Other genes involved in 
the RNAi response, such as smg-S, ego-l, and rde'4, can also be used to block the 

25 RNAi response {see, e,g., Tijstennan et al, Science 295:694-697 (2002); Ketting et al, 

Genes Dev. 15:2654-2659 (2001); Plasterk & Ketting, Curr. Opin. Genet Dev. 10:562-567 
(2000); Ketting et all Cell 99:133-141 (19 

[0008] In one embodiment, the present invention provides a method for inhibiting an RNAi 
response in a cell. The cell is contacted with a dsRNA involved in the RNAi response, 
30 thereby inhibiting an RNAi response in a cell, hi some embodiments, the dsRNA is a dcr-1 
dsRNA {e.g.y a human dcr-1 or a C. elegans dcr-1). In some embodiment, inhibiting the 
RNAi response in a cell modulates an age-associated parameter such as, for example, 

2 
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lifespan. Modulation includes, for example, inhibition of aging or extension of lifespan. In 
some embodiments, inhibiting the RNAi response modulates the expression of a cellular 
stress-response gene, an antimicrobial gene, a metaboHc gene, a steroid or lipid-soluble 
hormone synthesis gene, a fatty acid desaturation gene or a homolog or ortholog thereof. In 
some embodiments, inhibiting the RNAi response modulates the expression of a cytochrome 
P450, an estradiol- 17-^-dehydrogenase, a alcohol/short-chain dehydrogenase, an esterase, a 
UDP-glucuronosyltransferase, an aminopeptidase, a carboxypeptidase, an amino-oxidase, an 
aminoacylase, an oligopeptide transporter, metallothionein, a receptor guanylate cyclase, a 
mitochondrial superoxide dismutase, a catalase, lysosyme, saposin, vitellogenin, glutathione- 
s-transferase, heat-shock protein, heat shock factor, an F-box/cullin/Skp protein, an isocitrate 
lyase, a malate synthase ASMTL, insulin, IFGl or IFG2 or a homolog or ortholog thereof In 
some embodiments, the homologs or orfhologs are human homologs or orthologs. 

[0009] In some embodiments, the cell is present in a subject. In one embodiment, the 
subject is C. elegans. In another embodiment, the subject is a plant. In further embodiment, 
the subject is a mammaUan subject, e,g., a mouse, a rat, a guinea pig, a monkey, or a human. 
In some embodiments, the mammal is not at risk for, or does not have a premature aging 
disorder. In some embodiments, the mammal is a post-natal mammal, e.g., a mammal that 
has not reached sexual maturity, or an adult, or a post-reproductive adult. In an exemplary 
embodiment, the mammal may be a non-diabetic, non-obese adult, a healthy adult, or an adult 
with an abnoraial aging disorder. In another exemplary embodiment, the subject can be a 
human that has not reached 10, 20, or 50 years of age. Or the subject can be a human that has 
attained at least 20, 40, 50, 70, 80, or 90 years of age. 

[0010] In another embodiments, the present invention provides a method of increasing 
lifespan, treating premature aging, or altering Ufespan regulation in a subject. A dsRNA 
involved in the RNAi response is administered to the subject, thereby inhibiting an RNAi 
response in a cell. In some embodiments, the subject has an abnormal aging disorder such as, 
for example, Werner syndrome, Hutchinson-Guilford disease. Bloom's syndrome, 
Cockayne's syndrome, ataxia telangiectasia, or Down's syndrome. In some embodiments, 
inhibiting the RNAi response inhibits aging or extends lifespan. 

[0011] In another embodiment, the invention provides heterologous constructs comprising 
an age-associated gene as described herein or a promoter thereof, and a heterologous 
sequence such as a regulatory region, a reporter gene, a purification tag, e.g., for production 
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of a fusion protein, for purification of a gene product, for more efficient expression of the 
gene or gene product, or for regulated expression of the gene or for expression of a reporter 
using the gene promoter. 

[0012] In one embodiment, methods known to those of skill in the art such as RT-PCR, 
northem, Southem analysis, cDNA and genomic library cloning, etc. can be used to identify 
eukaryotic orthologs, eg., invertebrate, vertebrate, plant, mammalian, and human orthologs, 
of the age-associated proteins provided herein. In another embodiment, computer sequence 
analysis can be used to identify orthologs. Such methods optionally include the step of 
assessing an age associated parameter in a cell in which the suspected ortholog is perturbed. 

[00131 In one embodiment, endogenous or recombinant gene products of the age associated 
genes described herein are purified using the methods described herein, to at least about 50% 
purity, preferably 60%, 70%, 80%, 90% or higher purity. In another embodiment, the present 
invention provides a reaction mixture comprising an age-associated protein and another 
component such as a test compound, an antibody, a peptide, etc. 

[0014] In another aspect, the invention features a nucleic acid that includes a regulatory 
sequence (e.g., a transcriptional regulatory sequence) of an age associated gene or a homolog 
or ortholog thereof (e.g., a human or other mammalian homolog, as listed below) operably 
linked to a sequence encoding a detectable protein other than the protein encoded by the 
gene, e.g.y a rq>orter protein, e.g.^ a protein that has an epitope tag, fliat can fluorescence, or 
that can catalyze a reaction. The invention also provides a transgenic organism that includes 
at least one cell that includes such a heterologous nucleic acid, and also organisms in which 
that cell that includes the heterologous nucleic acid also includes at least a second 
heterologous nucleic acid, e.g., a second reporter gene. The second heterologous nucleic acid 
can also include a regulatory sequence (e.g., a transcriptional regulatory sequence) of a an 
age associated gene or a homolog or ortholog thereof (e.g., a human or other mammalian 
homolog) operably linked to a sequence encoding a detectable protein other than the protein 
encoded by the gene and other than the protein encoded by the first heterologous nucleic acid. 
In one embodiment, the two heterologous nucleic acids include regulatory sequences fi*om 
different classes of genes (e.g., so that one heterologous nucleic acid includes a regulatory 
sequence firom one class, and the other heterologous nucleic acid includes a regulatory 
sequence fi-om another class). In another embodiment, they include regulatory sequences 
fi-om the same class of genes. The regulatory sequence can be at least 100, 200, 500 bp, or at 
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least 1, or 2 kb in length, e.g., between 0.1 and 5 kb, or 0.2 and 3 kb in length. The 
regulatory sequence can include at least one, two, three or four copies of the GTAAAt/cA 
motif and/or at least one, two, three or four copies of the CTTATCA motif. In one 
embodiment, the regulatory sequence includes a region from between about 10 bp 5' of the 
5 ATG or first codon to about 400, 500, 700, or 900 bp 5 ' of the ATG or first codon, or 
between about 100 bp 5' of the ATG or first codon to about 1, 2, or 5 kb 5' of the ATG or 
first codon. In one embodiment, the transgenic organism is an invertebrate, e.g.^ a nematode, 
e.g., C. elegans. For example, the C. elegans can include a mutation in one or more of daf-2, 
daf-16, daf-18, age-1, sir-2 or glp-1 or can be treated with an RNAi specific to such genes. 

1 0 [GDI 5 J Some exemplary human orthologs and homologs of the lifespan genes described 
herein are listed as follows: 



gcy-6 


gi|4505435|reflNP_000897.1| natriuretic peptide receptor A/guanylate cyclase A 

(atrionatriuretic peptide receptor A); Natriuretic peptide receptor 

A/guanylate cyclase A [Homo sapiens] 
gi|l 13912|sp|P16066|AM>A_HUMAN Atrial natriuretic peptide receptor A 

precursor (ANP-A) (ANTRA) (GC-A) (Guanylate cyclase) (NPR-A) 

(Atrial natriuretic peptide A-type receptor) 
gi|6838 1 |pir||OYHUAR natriuretic peptide receptor A precursor - human 
gi|28230|emb|CAA33417.1| ANP-A receptor preprotein (AA -32 to 1029) [Homo 

saDiensl 

gi|3297986|dbj|BAA3 1 199.1| natriuretic peptide A type receptor [Homo sapiens] 
gi|6013455|gb|AAF01340.1|AF190631_l natriuretic peptide receptor A [Homo 
sapiens] 


gcy-18 


gi|14349136|emb|CAC41350.1| guanylate cyclase (Mus musculus] 
>gi|728S61|sp|P18293|ANPA_MOUSE Atrial natriuretic peptide receptor A 
precursor (ANP-A) (ANPRA) (GC-A) (Guanylate cyclase) (NPR-A) (Atrial 
natriuretic peptide A-type receptor) 

gi|2118323|pir||I57963 natriuretic peptide receptor A - mouse 
gi|473634|gb|AAA66945. 1 ( natriuretic peptide receptor A 


C54G4.6 
also dod- 
18 


gi|4757794|refINP_004183.1| acetylserotonin O-methyltransferase-like; 
acetylserotonin 

N-methyltransferase-like [Homo sapiens] 
gi|3808 148|emb|CAA75675. 1| ASMTL [Homo sapiens] 


C46F4.2 
dod-9 


gi|12669909|ref]NP_075266.1| long-chain fatty-acid- 
Coenzymegi|4758332|reflNP 004449. 1| long-chain fatty-acid-Coen2yme 
gi|1991 1070|dbj|BAB86900.1| Acyl-CoA synthetase 4 [Homo sap... 
gi|2960069|emb|CAA73314.1| acyl-CoA synthetase-like protein 
gi|27469830|gb|AAH4 1692.11 fatty-acid-Coenzyme A ligase, lo 
gi|4758330|ref]NP_004448.1| long-chain fatty-acid-Coenzyme 
gi|7706449|reflNP 0573 1 8. 1| fatty-acid-Coenzyme A ligase 


F32A5.5 

(MIP 

family) 


gil22538420|ref]NP_536354.2| aquaporin 10; small intestine ... 
gi|10280624jref]NP_066 190.11 aquaporin 9 [Homo sapiens] 
gi|4826645|ref|NP_004916.1| aquaporin 3 [Homo sapiens] 
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gi|1362754|pir||A57119 aquaporin 3 - human 
gi|4502 1 87|reflNP_00 1 1 6 1 . 1 1 aquaporin 7; aquaporin adipose 
gi|20137410|sp|Q96PS8|AQPA_^HUMAN Aquaporin 10 (Small intest... 
gi|21912983|dbj|BAC05693.1| aquaporin adipose [Homo sapiens 
gi|17384411|emb|CAD13298.1| bA251017.3 (similar to aquapori 
gi|25815123!embiCAD38526.li aquaporin-3 [Homo sapiens 
gijl 8490903 igb|AAH22486.1 1 aquaporin 1 (channel-forming int.. 
gi|21 19185tpir||I52366 uterine water channel - human 
gi|4502177|reflNP_000376.1| aquaporin 1; aquaporin 1 (chann... 
gi|19387211|gb|AAL87136.1| aquaporin 1 [Homo sapiens] 



1:NP_000404 

hydroxysteroid (17-beta) dehydrogenase 1; Estradiol 17-beta-dehydrogenase-l 
[Homo sapiens] 

gi|4504501 |reflNP_000404. 1 1[4504501 ] 
2: Q92506 

Estradiol 17 beta-dehydrogenase 8 (17-beta-HSD 8) (17-beta-hydroxysteroid 
dehydrogenase 8) (Ke6 protein) (Ke-6) 
gi|12643402!sp|Q92506|DHB8_HUMAN[12643402] 

3:P56937 

Estradiol 17 beta-dehydrogenase 7 (17-beta-HSD 7) (17-beta-hydroxysteroid 
dehydrogenase 7) 

gi|8134404|sp|P56937|DHB7„HUMAN[8134404] 
4:P51659 

Estradiol 17 beta-dehydrogenase 4 (17-beta-HSD 4) (17-beta-hydroxysteroid 

dehydrogenase 4) 

gi|1706396|sp|P51659|DHB4_HUMAN[1706396] 
5:P37059 

Estradiol 17 beta-dehydrogenase 2 (17-beta-HSD 2) (Microsomal 
17-beta-hydroxysteroid dehydrogenase) (20 alpha-hydroxysteroid dehydrogenase) 
(20-alpha-HSD) (E2DH) 
gi|544152|sp|P37059|DHB2_HUMAN[544152] 

6:P14061 

Estradiol 17 beta-dehydrogenase 1 (17-beta-HSD 1) (Placental 
17-beta-hydroxysteroid dehydrogenase) (20 alpha-hydroxysteroid dehydrogenase) 
(20-alpha-HSD) (E2DH) 
gi| 1 1 8554isp|P 1406 1 |DHB 1_HUMAN[ 1 1 8554] 

7: S59136 

estradiol 17beta-dehydrogenase (EC L 1.1.62) type 4 - hxmian 
gi|2134658|pir||S59136[2134658] 

8: S43928 

estradiol 17beta-dehydrogenase (EC 1.1.1.62) type 3 - human 
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gi|1085271|pir||S43928[1085271] 

9: A47287 

estradiol 17beta-dehydFogenase (EC 1.1.1.62) type 2 - hiunan 
5 gi|539530|pir||A47287[539530] 

10: DEHUE7 

estradiol ITbeta-dehydrogenase (EC 1.1.1.62) type 1 [validated] - human 
gi|65913|pirl|DEHUE7[65913] 

10 

11:NP_803882 

cytochrome P450, family 20, subfamily A, polypeptide 1 isoform 1; cytochrome 
P450 monooxygenase [Homo sapiens] 
gi|29171730|ref]NP_803882.1|[29171730] 

15 

12: NP_065725 

cytochrome P450, family 20, subfamily A, polypeptide 1 isoform 2; c3rtochrome 
P450 monooxygenase [Homo seq>iens] 
gi|29171727|refI]SIP_065725.2|[29171727] 

20 

13:NP_000932 

P450 (cytochrome) oxidoreductase; Cytochrome P-450 reductase [Homo sapiens] 
gi|24307877|ref|lSIP_000932. 1 1[24307877] 

25 14: NP_000766 

cytochrome P450, family 2, subfamily J, polypeptide 2; cytochrome P450, 
subfamily nj (arachidonic acid epoxygenase) polypeptide 2; microsomal 
monooxygenase; flavoprotein-linked monooxygenase [Homo sapiens] 
gi|18491008|ref|NP_000766.2|[18491008] 

30 

15: NP_476437 

cytochrome P450, family 3, subfamily A, polypeptide 43 isoform 3; cytochrome 
P450 polypeptide 43; cytochrome P450, subfamily HIA, polypeptide 43 [Homo 

sapiens] 

35 gi|16933535|reflNP_476437.1|[16933535] 
16: NP_476436 

cytochrome P450, family 3, subfamily A, polypeptide 43 isoform 2; cytochrome 
P450 polypeptide 43; cytochrome P450, subfamily niA, polypeptide 43 [Homo 
40 sapiens] 

gi|16933533|re£]NP_476436.1|[16933533] 

17: NP_000774 

cytochrome P450, family 26, subfamily A, polypeptide 1 isoform 1; cytochrome 
45 P450, subfamily XXVIA, polypeptide 1 ; P450, retinoic acid-inactivating, 1 ; 
retinoic acid-metabolizing cytochrome; retinoic acid 4-hydroxylase [Homo 
sapiens] 

gi|16933530|reflNP_000774.2|[16933530] 
50 18: NP 476498 
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cytochrome P450, family 26, subfamily A, polypeptide 1 isofomi 2; cytochrome 
P450, subfamily XXVIA, polypeptide 1; P450, retinoic acid-inactivating, 1; 
retinoic acid-metabolizing cytochrome; retinoic acid 4-hydroxylase [Homo 
sapiens] 

gi|16933528|ref|NP_476498.1|[16933528] 
19:NP_061950 

UDP glycosyltransferase 1 family, polypeptide A7; UDP-glucuronosyltransferase 
1 A7 [Homo sapiens] 

gi|29789084|reflNP_06 1 950. 1 1[29789084] 
20:NP_061948 

UDP glycosyltransferase 1 family, polypeptide AlO; UDP-glucuronosyltransferase 

lAlO [Homo sapiens] 

gi|29789078|ref]NP_061948.1|[29789078] 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0016] Figure 1 illustrates data showing that daf-2 and daf-16 bactaial RNAi lower mRNA 
levels. (A) RT-PCR analysis of daf-2 mRNA following RNAi treatment. Shown are RT- 
PCR products from serial dilutions of total RNA isolated from control animals grown on 
bacteria containing vector only (lanes 1-5) or on bacteria expressing daf-2 dsRNA (lanes 6- 
10). (a), RNAi was initiated at hatching, and RNA was harvested at L4. (b), RNAi was 
initiated on day 8 of adulthood and harvested on day 10 of adulthood. (B) RT-PCR analysis 
of daf-16 mRNA following RNAi treatment. Conditions were the same as in (A), except 
animals were treated with bacteria expressing daf-16 dsRNA. 

[0017] Figure 2 illustrates data showing that daf-2 RNAi affects lifespan and reproduction 
at different times. The time at which animals were transferred onto bacteria expressing daf-2 
dsRNA is shown in the upper right comer of each panel. Blue lines represent the lifespans of 
animals grown on control bacteria carrying the RNAi vector alone, and red lines represent 
Hfespans of animals grown on bacteria expressing daf-2 dsRNA. Reproductive profiles of 
animals in the concurrent lifespan assays are depicted to the right of each lifespan profile. 
The percent of total progeny produced at each 12-hour time interval is shown. Scales are 
identical for all graphs. Reproductive profiles of animals treated with bacteria expressing 
daf-2 dsRNA after day 4 of adulthood are not shown since these animals were post- 
reproductive. For statistics, see Table 1. 

[0018] Figure 3 illustrates data showing that daf-16 RNAi affects the lifespan and 
reproduction of daf-2(el370) mutants at different times during the life cycle. The time that 
daf-2(el370) animals were transferred onto daf-16 RNAi bacteria is shown in the upper right 
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comer of each panel. Blue lines, lifespans of daf-2(el370) animals grown on bacteria 
carrying the KNAi vector alone; red lines, Ufespans of daf-2(el370) animals grown on daf-16 
RNAi bacteria. Note, scales of graphs A-N are identical and O-S are idratical. Insets: TO is 
set to the day at which RNAi treatment was initiated in the experimental population. For 
statistics, see Table 1 . Reproductive profiles of animals in the concurrent lifespan assays are 
depicted to the right of each lifespan profile. The percent of total progeny produced at each 
12-hour time interval is shown. Blue, daf-2(el370) mutant animals grown on control 
bacteria; red, daf-2(el370) mutant animals grown on bacteria expressing daf-16 dsRNA. 
Reproductive profiles of animals cultured on daf-16 RNAi bacteria after day 5 of adulthood 
are not shown since the andmals were post-reproductive. 

[0019] Figure 4 illustrates data showing that loss of daf-2 function during development 
does not increase lifespan. Wild-type animals were grown on bacteria expressing daf-2 
dsRNA fi-om hatching until the first day of adulthood and then transferred to bacteria 
expressing dsRNA of dcr-1. Red line, lifespans of wild-type animals grown on daf-2 RNAi 
bacteria during development and then shifted during day 1 of adulthood to bacteria 
expressing dcr-l RNAi bacteria; Blue line, lifespan of wild-type animals grown on the 
control RNAi bacteria during development and then shifted during day 1 of adulthood to dcr- 
1 RNAi bacteria. Black line, lifespan of wild-type animals grown of daf-2 RNAi bacteria 
during development and adulthood. Lifespans were conducted at 25oC. For statistics, see 
Table 1. 

[0020] Figure 5 illustrates data showing conditional expression of daf-2 using daf-2 RNAi 
and dicer RNAi. 

[0021] Figure 6 illustrates data showing conditional expression of an electron transport 
chain (ETC) component using cco-1 RNAi and dicer RNAi. 

25 

DETAILED DESCRIPTION OF THE INVENTION 

INTRODUCTION 

[0022] Double-stranded RNA-mediated interference (RNAi) provides a sequence specific 
mechanism for inhibiting gene expression {see, e.g.. Fire et aL, Nature 391:806-81 1 (1998) 
30 McManus et al, J, Immunol 169(10): 5754-60 (2002), McManus and Sharp, Nature Rev, 
Genet, 3:737 (2002), Elbashir, et al. Genes Dev. 15:188 (2001) and McManus et al, RNA 
8(6):842-50 (2002), and WO 99/32619)). As explained above, the RNAi response is 
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extremely stable and can be heritable. Therefore, an important factor for use of RNAi 
technology as a therapeutic is the ability to tum off the RNAi response once it has been 
established, or the ability to conditionally tum on and off an RNAi response. 

[0023] The present invention provides metiiods of regulating the RNAi response and is 
5 based on the discovery that inhibition of proteins involved in the RNAi response (e^., dcr-1, 
C. elegans: NM„075691, NM_075876, NM_070776, and NM_072209; human: NM_012154, 
NM_030621, and NM_1 77438) can conveniently be used to inhibit the response. Other C. 
elegans genes and their human homologs that can be used to regulate RNAi include rde-1 
(NM171525); smg-5 (NM_059528), ego-1 (NM_^059731), and red-4 (NM_066864). 
1 0 According to the methods of the invention, a dsRNA involved in the RNAi response is 

contacted with a cell, thereby inhibiting the RNAi response. In an exemplary embodiment, 
inhibition of the RNAi response inhibits aging or increases hfespan. Inhibition of the RNAi 
response can conveniently be detected by detecting expression of aging associated proteins 
using the methods described herein. 

15 [00241 DEFINITIONS 

[00251 The terms •T)ICER" or "dcr-1" refers to the RNAse m as described in, e.g.. Knight 
and Bass, Science 2269-71 (2001) or a homolog or ortholog thereof, preferably a human 
ortholog. C. elegans dcr-1 nucleotide and protein sequences are accession nos. NM_075691, 
NM_075876, NM_070776, and NM_072209. Himian dcr-1 nucleotide and protein sequences 

20 are accession nos. NM_012154, NM_030621, and NM_1 77438. Dicer genes of the invention 
and other genes of the invention such as rde-1, smg-5, ego-1 and rde-4, hybridize under 
stringent conditions to the nucleotide sequences listed as accession niunbers herein, or have at 
least about 80% identity to the amino acid or nucleotide sequences listed as accession 
numbers herein, preferably at least about 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 

25 98%, 99% or 1 00% identity. 

[0026] A "target gene" refers to any gene suitable for regulation of expression using RNAi, 
including both endogenous chromosomal genes and transgenes, as well as episomal or 
extrachromosomal genes, mitochondrial genes, chloroplastic genes, vir al genes, bacterial 
genes, animal genes, plant genes, protozoal genes and fungal genes. In a preferred 
30 embodiment, the target gene is a gene involved in the RNAi process, e.^., dcr-1 . Additional 
preferred target genes include lifespan genes, such as those Usted in Murphy et al. Nature 
424:277-283 (2003), herein incorporated by reference in its entirety. 
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[0027] An "siRNA" or "RNAi" refers to a nucleic acid that foims a double stranded RNA 
("dsRNA"), which double stranded RNA has the abiUty to reduce or inhibit expression of a 
gene or target gene when the siKNA expressed in the same cell as the gene or target gene. 
The term "RNAi" has also been used to refer to the process of inhibition. "siRNA" thus 
refers to a double stranded RNA formed by complementary strands. The complementary 
portions of the siRNA that hybridize to form the double stranded molecule typically have 
substantial or complete identity. In one embodiment, an siRNA refers to a nucleic acid that 
has substantial or complete identity to a target gene, e.g., dcr-l, and forms a double stranded 
siRNA. The sequence of the siRNA can correspond to the full length target gene, or a 
subsequence thereof Typically, the siRNA is at least about 15-50 nucleotides in length (e.g., 
each complementary sequence of the double stranded siRNA is 15-50 nucleotides in length, 
and the double stranded siRNA is about 15-50 base pairs in length, preferable about 
preferably about 20-30 base nucleotides, preferably about 20-25 nucleotides in length, e.g., 
20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30 nucleotides in length, most preferably 21-22 base 
pairs in length. 

[0028J "Inverted repeat" refers to a nucleic acid sequence comprising a sense and an 
antisense element positioned so tiiat they are able to form a double stranded siRNA when the 
repeat is transcribed. The mverted repeat may optionally include a linker or a heterologous 
sequence between the two elements of the repeat. The elements of the inverted repeat have a 
length sufficient to fonn a double stranded RNA. Typically, each element of the inverted 
repeat is about 15 to about 100 nucleotides in length, preferably about 20-30 base 
nucleotides, preferably about 20-25 nucleotides in length, e.g., 20, 21, 22, 23, 24, 25, 26, 27, 
28, 29, or 30 nucleotides in length. 

[0029J "Substantial identity" refers to a sequence that hybridizes to a reference sequence 
under stringent conditions, or to a sequaice that has a specified percent identity over a 
specified region of a reference sequence. 

[0030] The phrase "stringent hybridization conditions" refers to conditions under which a 
probe will hybridize to its target subsequence, typically in a complex mixture of nucleic 
acids, but to no other sequences. Stringent conditions are sequence-dependent and will be 
different in different circumstances. Longer sequences hybridize specifically at higher 
temperatures. An extensive guide to the hybridization of nucleic acids is found in Tijssen, 
Techniques in Biochemistry and Molecular Biology-Hybridization with Nucleic Probes, 
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"OvCTview of principles of hybridization and the strategy of nucleic acid assays" (1993). 
Generally, stringCTit conditions are selected to be about 5-lOOC lower than the thermal 
melting point (Tm) for the specific sequence at a defined ionic strength pH. The Tm is the 
temperature (under defined ionic strength, pH, and nucleic concentration) at which 50% of 
the probes complementary to the target hybridize to the target sequence at equiUbrium (as the 
target sequences are present m excess, at Tm, 50% of the probes are occupied at equiUbrium). 
Stringent conditions may also be achieved with the addition of destabilizing agents such as 
foimamide. For selective or specific hybridization, a positive signal is at least two times 
background, preferably 10 times background hybridization. 

[0031] Exemplary stringent hybridization conditions can be as following: 50% formamide, 
5x SSC, and 1% SDS, incubating at 420C, or, 5x SSC, 1% SDS, incubating at 650C, with 
wash in 0.2x SSC, and 0.1% SDS at 650C. For PGR, a temperature of about 36C is typical 
for low stringency amplification, although annealing temperatures may vary between about 
32C and 48C depending on primer length. For high stringency PGR amphfication, a 
temperature of about 62C is typical, although high stringency annealing temperatures can 
range irom about 50C to about 65C, depending on the primer length and specificity. Typical 
cycle conditions for both high and low stringency amplifications include a denaturation phase 
of 90C - 95C for 30 sec - 2 min., an annealing phase lasting 30 sec. - 2 min., and an extension 
phase of about 72C for 1 - 2 min. Protocols and guideUnes for low and high stringency 
amplification reactions are provided, e.g.. in Innis et al. (1990) PCR Protocols. A Guide to 
Methods and Applications, Academic Press, Inc. N.Y.). 

[0032] Nucleic acids that do not hybridize to each other under stringent conditions are still 
substantially identical if the polypeptides which they encode are substantially identical. This 
occurs, for example, when a copy of a nucleic acid is created using the maximum codon 
degeneracy peraiitted by the genetic code. In such cases, the nucleic acids typically hybridize 
under moderately stringent hybridization conditions. Exeanplary "moderately stringent 
hybridization conditions" include a hybridization in a buffer of 40% formamide, 1 M NaCl, 
1% SDS at 370c, and a wash in IX SSC at 450C. A positive hybridization is at least twice 
background. Those of ordinary skill will readily recognize that alternative hybridization and 
wash conditions can be utilized to provide conditions of similar stringency. Additional 
guidelines for determining hybridization parameters are provided in numerous reference, 
e.g., and Current Protocols in Molecular Biology, ed. Ausubel, et al. 
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[0033] The phrase "inhibiting expression of a target gene" refers to the ability of a siRNA 
or dsRNA of the invention to initiate gene silencing of the target gene. To examine the extent 
of gene silencing, samples or assays of the organism of mterest or cells in culture expressing 
a particular construct are compared to control samples lacking expression of the construct. 
Control samples (lacking construct expression) are assigned a relative value of 100%. 
Inhibition of expression of a target gene is achieved when the test value relative to the control 
is about 90%, preferably 50%, more preferably 25-0%. Suitable assays include those 
described below in the Example section, e.g., examination of protein or mKNA levels using 
techniques known to those of skill in the art such as dot blots, northern blots, in situ 
hybridization, ELIS A, immunoprecipitation, enzyme function, as well as phenotypic assays 
known to those of skill in the art. 

[0034] Orthologs are biopolymeric sequences (e.g,, nucleic acid or polypeptide sequences) 
that are found in different species, yet have sequence similarity (e.g., at least 20% sequence 
identify within a functional protein domain), and perfomi similar functions. In one 
embodiment {e.g., wherein multiple homologs are present) an ortholog is most homology to a 
reference sequence relativie to other available sequences. In one embodiment, orthologs can 
be assigned by comparing numerous sequences to identify the best match-up. See, e.g.. 
Science 1997 Oct 24;278(5338):631-7 and Nucleic Acids Res 2001 Jan 1; 29(l):22-28 for 
some exemplary methods and resource for assigning orthologs based on complete genome 
coverage. 

[00351 The phrase "modulate expression" or "modulates expression" refers to increasing or 
decreasing expression of agmg associated genes and proteins includes the determination of a 
parameter that is indirectly {e.g., upstream or downstream biochemical or genetic effects) or 
directly under the influence of aging associated proteins, e.g., a chemical or phenotypic 
effect, such as the ability to increase or decrease lifespan {see, e.g., Kenyon et al. Nature 
366:461-464 (1993); Hsin & Kenyon, Nature 399:362-366 (1999); Apfeld & Kenyon, Cell 
95:199-210 (1998); and Lin et al. Nature Genet. 28:139-145 (2001)) or, e.g., a physical 
effect such as ligand, cofactor or substrate binding or inhibition of ligand, cofactor or 
substrate bmding. A functional effect therefore includes ligand, cofactor and substrate 
binding activity; changes in gene expression and gene expression levels in cells; changes in 
post transcriptional modification of a protein, e,g., phosphorylation or glycosylation; reporter 
gene or marker expression; changes in abundance and cellular localization; enzymatic 
activity; cellular half life; redox state; and structural conformation, etc.; and age-associated 
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parameters, /.e., characteristics of young or old cells or organisms such as stress resistance, 
lifespan, doubling time, telomere length, physiological characteristics, appearance, disease 
states, etc. *Tunctional effects" include in vitrOy in vivo, and ex vivo activities. The 
functional effect can be measured in a host cell, organelle (e.g., isolated mitochondria), host 
cell membrane, isolated organelle membrane (e.g,, isolated mitochondrial membrane), 
cellular extract, organelle extract {e.g., mitochondrial extract) or host organism. 

[0036] By "determining the functional effect" is meant assaying for a compound that 
increases or decreases a parameter that is indirectly or directly under the influence of aging 
associated proteins or genes, e.g., measuring physical and chemical or phenotypic effects. 
Such functional effects can be measured by any means known to those skilled in the art, 
changes in spectroscopic characteristics (e.g, fluorescence, absorbance, refractive index); 
hydrodynamic (e.g,, shape); chromatographic; or solubility properties for the protein; 
measuring inducible markers or transcriptional activation of the protein; measuring binding 
activity or binding assays, e.g. binding to antibodies; measimng changes in ligand binding 
activity; measuring cellular proliferation or lifespan; measuring cell surface marker 
expression; measurement of changes in protein levels for associated sequences; measurement 
of RNA stabiUty; phosphorylation or dephosphorylation; signal transduction, receptor- 
Ugand interactions, second messenger concentrations (e.g., cAMP, IPS, or intracellular Ca^^; 
identification of downstream or reporter gene expression (CAT, luciferase, jS-gal, GFP and 
the like), e.g., via chemiluminescence, fluorescence, colorimetric reactions, antibody binding, 
inducible markers, and ligand binding assays. 

10037] "Ligand" refers to a molecule that is specifically bound by a protein. 

[0038] "Substrate" refers to a molecule that binds to an enzyme and is part of a specific 
chemical reaction catalyzed by the enzyme. 

[0039] "Cofactor" refers to an additional component required for activity of an enzyme. 
(Leninger, Principles of Biochemistry (1984); Stryer, Biochemistry (1995)). A cofactor may 
be inorganic such as Fe, Cu, K, Ni, Mo, Se, Zn, Mn or Mg ions, or an organic molecule also 
known as a coenzyme. Coenzymes include flavin adenine dinucleotide (FAD), nicotinamide 
adenine dinucleotide (NAD), nicotinamide adenine dinucleotide phosphate (NADP), heme, 
coenzyme A, pyrodoxal phosphate, thiamine pyrophosphate, 5'-deoxyadenosylcobalamine, 
biocytin, tetrahydrofolate, retinal, and 1,25-dihydroxycholecalciferol. A co-factor can also 
include a protein subunit bound to the co-factor. 
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[0040] "Inhibitors", "activators", and "modulators" of aging associated genes and proteins 
are used to refer to activating, inhibitory, or modulating molecules identified using in vitro 
and in vivo assays of aging associated proteins and genes. Inhibitors are compounds that, 
e.g., bind to, partially or totally block activity, decrease, prevent, delay activation, inactivate, 
desensitize, or down regulate the activity or expression of aging associated proteins and 
genes, e,g., antagonists. "Activators" are compounds tiiat increase, open, activate, facilitate, 
enhance activation, sensitize, agonize, or up regulate aging associated proteins. Inhibitors, 
activators, or modulators also include genetically modified versions of aging associated 
proteins and genes, e.g., versions with altered activity, as well as naturally occurring and 
synthetic ligands, antagonists, agonists, antibodies, antisense molecules, ribozymes, small 
chemical molecules and the like. Such assays for inhibitors and activators include, e.g., 
expressing aging associated proteins in vitro^ in cells, or cell membranes, applying putative 
modulator compounds, and then deteijnining the fiinctional effects on activity, as described 
above. 

[0041] "Biological sample" include sections of tissues such as biopsy and autopsy samples, 
and fi-ozen sections taken for histologic purposes. Such samples include blood, sputum, 
tissue, cultured cells, e.g., primary cultures, explants, and transformed cells, stool, urine, etc. 
A biological sample is typically obtained firom a eukaryotic organism, e.g., C. elegans, most 
preferably a mammal such as a primate e.g., chimpanzee orhuman; cow; dog; cat; a rodent, 
^'g y guinea pig, rat, mouse; or a rabbit. 

[0042] 'TNJucleic acid" refers to deoxyribonucleotides or ribonucleotides and polymers 
thereof in either single- or double-stranded form. The term encompasses nucleic acids 
containing known nucleotide analogs or modified backbone residues or linkages, which are 
synthetic, naturally occmxing, and non-naturally occurring, which have similar binding 
properties as the reference nucleic acid, and which are metabolized in a manner similar to the 
reference nucleotides. Examples of such analogs include, without limitation, 
phosphorothioates, phosphoramidates, methyl phosphonates, chiral-methyl phosphonates, 2- 
O-methyl ribonucleotides, peptide-nucleic acids (PNAs). 

[0043] Unless otherwise indicated, a particular nucleic acid sequence also implicitly 
encompasses conservatively modified variants thereof (e.^., degenerate codon substitutions) 
and complementary sequences, as well as the sequence explicitly indicated. Specifica Uy, 
degenerate codon substitutions may be achieved by generating sequences in which the third 
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position of one or more selected (or all) codons is substituted with mixed-base and/or 
deoxyinosine residues (B^tzer et aL, Nucleic Acid Res, 19:5081 (1991); Ohtsukae/a/., J. 
Biol. Chem. 260:2605-2608 (1985); Rossolini et al, Mol Cell Probes 8:91-98 (1994)). The 
term nucleic acid is used interchangeably with gene, cDNA, mRNA, oligonucleotide, and 
polynucleotide. 

[0044] A particular nucleic acid sequence also implicitly encompasses "splice variants." 
Similarly, a particular protein encoded by a nucleic acid implicitly encompasses any protein 
encoded by a splice variant of that nucleic acid. "SpUce variants," as the name suggests, are 
products of alternative splicing of a gene. After transcription, an initial nucleic acid transcript 
may be spliced such that different (altemate) nucleic acid spUce products encode different 
polypeptides. Mechanisms for the production of spHce variants vary, but include altemate 
splicing of exons. Altemate polypeptides derived from the same nucleic acid by read-through . 
transcription are also encompassed by this definition. Any products of a splicing reaction, 
including recombinant forms of the splice products, are included in this definition. 

[0045] The terms "identical" or percent "identity," in the context of two or more nucleic 
acids or polypeptide sequences, refer to two or more sequences or subsequences that are the 
same or have a specified percentage of amino acid residues or nucleotides that are the same 
(z.e., about 50% identity, preferably 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 
93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher identity over a specified region (e.^., the C 
elegans proteins provided herein), when compared and aUgned for maximum correspondence 
over a comparison wmdow or designated region) as measured using a BLAST or BLAST 2.0 
sequence comparison algorithms with default parameters described below, or by manual 
aUgnment and visual inspection. Such sequences are then said to be "substantially identical." 
This definition also refers to, or may be applied to, the compliment of a test sequence. The 
definition also includes sequences that have deletions and/or additions, as well as those that 
have substitutions. As described below, the preferred algorithms can account for gaps and 
the like. Preferably, identity exists over a region that is at least about 25 amino acids or 
nucleotides in length, or more preferably over a region that is 50-100 amino acids or 
nucleotides in length. 

[0046] For sequence comparison, typically one sequence acts as a reference sequence, to 
which test sequences are compared. When using a sequence comparison algorithm, test and 
reference sequences are entered into a computer, subsequence coordinates are designated, if 
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necessary, and sequence algorithm program parameters are designated. Preferably, default 
program parameters can be used, or alternative parameters can be designated. The sequence 
comparison algorithm then calculates the percent sequence identities for the test sequences 
relative to the reference sequence, based on the program parameters. 

[0047] A "comparison window'', as used herein, includes reference to a segment of any one 
of the number of contiguous positions selected from the group consisting of from 20 to 600, 
usually about 50 to about 200, more usually about 100 to about 150 in which a sequence may 
be compared to a reference sequence of the same number of contiguous positions after the 
two sequences are optimally aligned. Methods of alignment of sequences for comparison are 
well-known in the art. Optimal alignment of sequences for comparison can be conducted, 
e.g,, by the local homology algorithm of Smith & Waterman, Adv. Appl Math, 2:482 (1981), 
by the homology alignment algorithm of Needleman & Wunsch, J, Mol Biol 48:443 (1970), 
by the search for similarity method of Pearson & Lipman, Proc, Nat 'I Acad, Set USA 
85:2444 (1988), by computerized implementations of these algorithms (GAP, BESTFIT, 
FASTA, and TFASTA in the Wisconsin Genetics Software Package, Genetics Computer 
Group, 575 Science Dr., Madison, WI), or by manual alignment and visual inspection {see, 
e.g., Cun-ent Protocols in Molecular Biology (Ausubel etaL, eds. 1995 supplement)). 

[0048] A preferred example of algorithm that is suitable for determining percent sequence 
identity and sequence similarity are the BLAST and BLAST 2.0 algorithms, which are 
described in Altschul et aL, Ntic. Acids Res. 25:3389-3402 (1977) and Altschul et al, J. Mol 
Biol 215:403-410 (1990), respectively. BLAST and BLAST 2.0 are used, with the 
parameters described herein, to determine percent sequence identity for the nucleic acids and 
proteins of the invention. Software for performing BLAST analyses is publicly available 
through the National Center for Biotechnology Information. This algorithm involves first 
identifying high scoring sequence pairs (HSPs) by identifying short words of length W in the 
query sequence, which either match or satisfy some positive-valued threshold score T when 
aligned with a word of the same length in a database sequence. T is referred to as the 
neighborhood word score threshold (Altschul et al, supra). These initial neighborhood word 
hits act as seeds for initiating searches to find longer HSPs containing them. The word hits 
are extended in both directions along each sequence for as far as the cimiulative alignment 
score can be increased. Cumulative scores are calculated using, for nucleotide sequences, the 
parameters M (reward score for a pair of matching residues; always > 0) and N (penalty score 
for mismatching residues; always < 0). For ammo acid sequences, a scoring matrix is used to 
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calculate the cumulative score. Extension of the word hits in each direction are halted when: 
the cumulative alignment score falls off by the quantity X from its maximum achieved value; 
the cumulative score goes to zero or below, due to the accumulation of one or more negative- 
scoring residue alignments; or the end of either sequence is reached. The BLAST algorithm 
parameters W, T, and X determine the sensitivity and speed of the aUgnment. The BLASTN 
program (for nucleotide sequences) uses as defaults a wordlength (W) of 1 1, an expectation 
(E) of 10, M=5, N=-4 and a comparison of both strands. For amino acid sequences, the 
BLASTP program uses as defaults a wordlength of 3, and expectation (E) of 10, and flie 
BLOSUIVI62 scoring matrix (jee Henikoff & Henikoff, Proc. Natl Acad. Sci. USA 89:10915 
(1989)) aUgnments (B) of 50, expectation (E) of 10, M=5, N=-4, and a comparison of bofli 
strands. 

100491 The terms "polypeptide," "peptide" and "protein" are used interchangeably herein to 
refer to a polymer of amino acid residues. The terms apply to amino acid polymers in which 
one or more amino acid residue is an artificial chemical mimetic of a corresponding naturally 
occurring amino acid, as well as to natinally occurring amino acid polymers and non- 
naturally occurring amino acid polymer. In one embodimait, a "protein" or ^^polypeptide" 
includes a plurality of subunit chains, e.g., the quaternary stiizcture of the protein or 
polypeptide is multimeric (e.g., homo- or hetero-dimeric). Accordingly, a "protein" or 
"polypeptide"may be a complex of difiTerent subunit chainsx In another embodiment, a 
'*protem" or "polypeptide" refers to a single chain. 

[0050J The term "amino acid" refers to natiirally occurring and synthetic amino acids, as 
well as amino acid analogs and amino acid mimetics that function in a manner similar to the 
naturally occurring amino acids. Naturally occurring amino acids are those encoded by tiie 
genetic code, as well as those amino acids that are later modified, e.g., hydroxypioline, y- 
carboxyglutamate, and O-phosphoserine. Amino acid analogs refers to compounds that have 
the same basic chemical structure as a naturaUy occurring amino acid, i.e., an a carbon that is 
bound to a hydrogen, a carboxyl group, an amino group, and an R group, e.g., homoserine, 
norleucine, methionine sulfoxide, methionine methyl sulfonium. Such analogs have modified 
R groups (e.g., norleucine) or modified peptide backbones, but retain the same basic chemical 
structure as a naturally occurring amino acid. Amino acid mimetics refers to chemical 
compounds that have a structure that is different fi-om the general chemical stiiicture of an 
amino acid, but that functions in a manner similar to a naturally occurring amino acid. 
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[0051] Amino acids may be referred to herein by either their commonly known three letter 
symbols or by the one-letter symbols recommended by the lUPAC-IUB Biochemical 
Nomenclature Commission. Nucleotides, likewise, may be referred to by their commonly 
accqjted single-letter codes. 

(0052] "Conservatively modified variants" applies to both amino acid and nucleic acid 
sequences. With respect to particular nucleic acid sequences, conservatively modified 
variants refers to those nucleic acids which encode identical or essentially identical amino 
acid sequences, or where the nucleic acid does not encode an amino acid sequence, to 
essentiaUy identical sequences. Because of the degeneracy of the genetic code, a large 
number of functionally identical nucleic acids encode any given protein. For instance, the 
codons GCA, GCC, GCG and GCU all encode the amino acid alanine. Thus, at every 
position where an alanine is specified by a codon, the codon can be altered to any of the 
corresponding codons described without altering the encoded polypeptide. Such nucleic acid 
variations are "silent variations," which are one species of conservatively modified 
variations. Every nucleic acid sequence herein which encodes a polypeptide also describes 
every possible silent variation of the nucleic acid. One of skill will recognize that each codon 
in a nucleic acid (except AUG, which is ordinarily the only codon for methionine, and TGG, 
which is ordinarily the only codon for tryptophan) can be modified to yield a fimctionally 
identical molecule. Accordingly, each silent variation of a nucleic acid which encodes a 
polypeptide is implicit in each described sequence with respect to the expression product, but 
not with respect to actual probe sequences. 

[00531 As to amino acid sequences, one of skill will recognize that individual substitutions, 
deletions or additions to a nucleic acid, peptide, polypeptide, or protein sequaice which 
alters, adds or deletes a single amino acid or a small percentage of amino acids in the encoded 
sequence is a "conservatively modified variant" where the alteration results in the substitution 
of an amino acid with a chemically similar amino acid. Conservative substitution tables 
providing fimctionally similar amino acids are well known in the art. Such conservatively 
modified variants are in addition to and do not exclude polymorphic variants, interspecies 
homologs and orthologs, and alleles of the invention. 

10054] The following eight groups each contain amino acids that are conservative 
substitutions for one another: 1) Alanine (A), Glycine (G); 2) Aspartic acid (D), Glutamic 
acid (E); 3) Asparagine (N), Glutamine (Q); 4) Arginine (R), Lysine (K); 5) Isoleucine (I), 
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Leucine (L), Methionine (M), Valine (V); 6) Phenylalanine (F), Tyrosine (Y), Tryptophan 
(W); 7) Serine (S), Threonine (T); and 8) Cysteine (Q, Methionine (M) (jee, e.^., Creighton, 
/Vorei>i^(1984)), 

[0055] Macromoiecular structures such as polypeptide structures can be described in terms 
of various levels of organization. For a general discussion of this organization, see, e.g., 
Alberts et aL, Molecular Biology of the Cell (3"* ed., 1994) and Cantor and Schimmel, 
Biophysical Chemistry Part I: The Conformation of Biological Macromolecules(19S0), 
"Primary structure" refers to the amino acid sequence of a particular peptide. "Secondary 
structure" refers to locally ordered, three dimensional stmctures within a polypeptide. These 
structures are commonly known as domains, e.g, extracellular domains, transmembrane 
domains, and cytoplasmic domains. Domains are portions of a polypeptide that form a 
compact unit of the polypeptide and are typically 15 to 350 amino acids long. Typical 
domains are made up of sections of lesser organization such as stretches of jS-sheet and a- 
helices. ^Tertiary stracture" refers to the complete three dimensional stmcture of a 
polypeptide monomer. "Quaternary structure" refers to the fliree dimensional structure 
formed by the noncovalent association of independent tertiary xmits. Anisotropic terms are 
also known as energy terms. 

[0056] A "label" or a "detectable moiety" is a composition detectable by spectroscopic, 
photochemical, biochemical, immunochemical, chemical, or other physical means. For 
example, useful labels include "^^P, fluorescent dyes, electron-dense reagents, enzymes (e.^., 
as commonly used in an ELISA), biotin, digoxigenin, or haptens and proteins which can be 
made detectable, e.g., by incorporating a radiolabel into the peptide or used to detect 
antibodies specifically reactive with the peptide. 

[0057] The term "recombinant" when used with reference, e,g, to a cell, or nucleic acid, 
protein, or vector, indicates that the cell, nucleic acid, protein or vector, has been modified by 
the introduction of a heterologous nucleic acid or protein or the alteration of a native nucleic 
acid or protein, or that the cell is derived fi-om a cell so modified. Thus, for example, 
recombinant cells express genes that are not found within the native (non-recombinant) forai 
of the cell or express native genes that are otherwise abnormally expressed, under expressed 
or not expressed at all. 

(0058] The temi "heterologous" when used with reference to portions of a nucleic acid 
indicates that the nucleic acid comprises two or more subsequences that are not found in the 
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same relationship to each other in nature. For instance, the nucleic acid is typically 
recombinantly produced, having two or more sequences fix)m unrelated genes arranged to 
make a new functional nucleic acid, e.g,, a promoter fix>m one source and a coding region 
from another source. Similarly, a heterologous protein indicates that the protein comprises 
two or more subsequences that are not found in the same relationship to each other in nature 
(e,g,, a fusion protein). 

[0059] "Antibody*' refers to a polypeptide comprising a framework region from an 
immunoglobulin gene or fragments thereof that specifically binds and recognizes an antigen. 
The recognized immunoglobxilin genes include the kappa, lambda, alpha, gamma, delta, 
epsilon, and mu constant region genes, as well as the myriad immunoglobulin variable region 
genes. Light chains are classified as either kappa or lambda. Heavy chains are classified as 
gamma, mu, alpha, delta, or epsilon, which in turn define the immimoglobulin classes, IgG, 
IgM, IgA, IgD and IgE, respectively. Typically, the antigen-binding region of an antibody 
will be most critical in specificity and affinity of binding. 

[0060] An exemplary immunoglobulin (antibody) stmctural unit comprises a tetramer. 
Each tetramer is composed of two identical pairs of polypeptide chains, each pair having one 
"light" (about 25 kD) and one "heav/' chain (about 50-70 kD). The N-temiinus of each 
chain defines a variable region of about 100 to 1 10 or more amino acids primarily responsible 
for antigen recognition. The terms variable light chain (Vl) and variable heavy chain (Vh) 
refer to these light and heavy chains respectively. 

[0061] Antibodies exist, e.g., as intact inunimoglobulins or as a munber of well- 
characterized fragments produced by digestion with various peptidases. Thus, for example, 
pepsin digests an antibody below the disulfide linkages in the hinge region to produce F(ab)'2, 
a dimer of Fab which itself is a light chain joined to Vh-Ch1 by a disulfide bond. The F(ab)'2 
may be reduced xmder mild conditions to break the disulfide linkage in the hinge region, 
thereby converting the F(ab)'2 dimer into an Fab' monomer. The Fab' monomer is 
essentially Fab with part of the hinge region (see Fundamental Immunology (Paul ed., 3d ed. 
1993). While various antibody fragments are defined in terms of the digestion of an intact 
antibody, one of skill will appreciate that such fragments may be synthesized de novo either 
chemically or by using recombinant DNA methodology. Thus, tiie term antibody, as used 
herein, also includes antibody fragments either produced by the modification of whole 
antibodies, or those synthesized de novo using recombinant DNA methodologies (e.g,^ single 



21 



wo 2004/029215 



PCT/US2003/030531 



chain Fv) or those ideaitified using phage display libraries (jee, e.g., McCafferty et al. Nature 
348:552-554 (1990)) 

[0062] For preparation of antibodies, e.g,, recombinant, monoclonal, or polyclonal 
antibodies, many technique known in the art can be used {see^ e.g., Kohler & Miistein, 
Nature 256:495-497 (1975); Kozbor et aL, Immunology Today 4: 72 (1983); Cole et al, pp. 
77-96 in Monoclonal Antibodies and Cancer Therapy^ Alan R. Liss, Inc. (1985); Coligan, 
Current Protocols in Immunology (1991); Harlow & Lane, Antibodies, A Laboratory Manual 
(1988); and Coding, Monoclonal Antibodies: Principles and Practice (2d ed. 1986)). 
Techniques for the production of single chain antibodies (U.S. Patent 4,946,778) can be 
adapted to produce antibodies to polypq)tides of this invention. Also, transgenic mice, or 
other organisms such as other mammals, may be used to express humanized antibodies. 
Alternatively, phage display technology can be used to identify antibodies and heteromeric 
Fab fragments that specifically bind to selected antigens {see, e.g, McCafferty et al^ Nature 
348:552-554 (1990); Marks et aL, Biotechnology 10:779-783 (1992)), 

[0063] A "chimeric antibody" is an antibody molecule in which (a) the constant region, or a 
portion thereof, is altered, replaced or exchanged so that the antigen binding site (variable 
region) is linked to a constant region of a different or altered class, effector function and/or 
species, or an entirely different molecule which confers new properties to the chimeric 
antibody, e.g., an enzyme, toxin, hormone, growth factor, drug, etc.; or (b) the variable 
region, or a portion thereof, is altered, replaced or exchanged with a variable region having a 
different or altered antigen specificity. 

[0064] In one embodiment, the antibody is conjugated to an "effector" moiety. The 
effector moiety can be any number of molecules, including labeling moieties such as 
radioactive labels or fluorescent labels, or cari be a therapeutic moiety. In one aspect the 
antibody modulates the activity of the protein. 

[0065] The phrase "specifically (or selectively) binds" to an antibody or "specifically (or 
selectively) immunoreactive witii," when referring to a protein or peptide, refers to a binding 
reaction that is determinative of the presence of the protein, often in a heterogeneous 
population of proteins and other biologies. Thus, under designated immunoassay conditions, 
the specified antibodies bind to a particular protein at least two times the background and 
more typically more than 10 to 100 tunes background. Specific binding to an antibody under 
such conditions requires an antibody that is selected for its specificity for a particular protein. 
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For example, polyclonal antibodies raised to aging associated proteins, polymoiphic variants, 
alleles, orthologs, and conservatively modified variants, or splice variants, or portions 
thereof, can be selected to obtain only those polyclonal antibodies that are specifically 
immunoreactive with aging associated proteins and not with other proteins. This selection 
may be achieved by subtracting out antibodies that cross-react with other molecules. A 
variety of immunoassay formats may be used to select antibodies specifically 
immimoreactive with a particular protein. For example, solid-phase ELISA immimoassays 
are routinely used to select antibodies specifically inmiunoreactive with a protein {see, e.g., 
Harlow & Lane, Antibodies, A Laboratory Manual (1988) for a description of immunoassay 
formats and conditions that can be used to determine specific immunoreactivity). 

CONDITIONAL GENE EXPRESSION 

[0066] According to the methods of the present invention, dsRNA of genes involved in the 
RNAi response (e.g., dcr-1) can be delivered to cells or to an organism to inhibit the 
response. Once dsRNA is delivered to cells or to an organism, endogenous components of 
the cell or organism can trigger RNA interference (RNAi) which silences expression of genes 
that include the target sequence involved in RNAI (e.g., dcr-l). Silencing of gene expression 
can be detected by direct detection of the gene product involved in the RNAi response or by 
detection of gene products fi-om genes modulated by the gene involved in the RNAi response 
(e.g., aging associated genes). By using dsRNA to inhibit expression of genes involved in 
RNAi, such as dcr-1, RNAi responses can be conditionally regulated. For example, 
expression target genes or sequences involved in lifespan can be conditionally regulated by 
silencing the Hfespan genes using RNAi, and then using dsRNA of an RNAi component to 
turn off the RNAi machinery. Preferred lifespan genes are listed in Murphy et aL, Nature 
424:277-283 (2003), herein incorporated by reference in its entirety. 

(0067] In an exemplary embodiment, vectors encoding dsRNA involved in the RNAi 
response are trans fected into suitable host cells (e.g., bacteria) and the host cells are 
administered to a subject (e.g., a nematode). 

[0068] dsRNA can be produced using any means known in the art. DNA molecules for 
transcribing dsRNA are disclosed in, e.g., U.S. Patent No, 6,573,099, and in U.S. Patent 
Application PubUcation Nos. 2002/0160393 and 2003/0027783. For example, dsRNA can be 
produced by transcribing a cassette in both directions, for example, by including a T7 
promoter on either side of the cassette. dsRNA can be produced by transcribing a cassette in 
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both directions, for example, by including a T7 promoter on eifliCT side of the cassette. The 
insert in the cassette is selected so that it includes a sequCTice complementary to a gene to be 
attenuated, i.e., a gene encoding a protem involved in the RNAi response {e.g., dcr-1 or ins- 
7), The sequence need not be fiill length, for example, an exon, or at least 50 nucleotides, 
preferably from the 5' half of the transcript, e.g., within 300 nucleotides of the ATG. See 
also, the PliScribe™ RNAi Transcription Kit (New England Biolabs, MA) and Fire, (1999) 
Trends Genet. 15, 358-363. dsRNA can be digested into smaller fragments. See, e,g., US 
Patent Application 2002-0086356 and 2003-0084471. In one embodiment, an siRNA is used. 
DNA molecules for transcribing siRNA are reviewed in Tuschl and Borkhardt, Molecular 
Interventions, 2:158 (2002). siRNAs are small double stranded RNAs (dsRNAs) that 
optionally include overhangs. For example, the duplex region is about 18 to 25 nucleotides 
in length, e.g., about 19, 20, 21, 22, 23, or 24 nucleotides in length. Typically the siRNA 
sequences are exactly complementary to the target mRNA. dsRNAs and siRNAs in 
particular can be used to silence gene expression in mammalian cells (e.g., human cells). 
See, e.g., Clemens, et aL (2000) Proa. Natl Set. USA 97, 6499-6503; Billy, et al. (2001) 
Proc. Natl. Sci. USA 98, 14428-14433; Elbashir a/. (2001) Ararwre411(6836):494-8; Yang, 
etal. {2002) Proc. Natl. Acad. Sci. USA 99, 9942-9947. 

GENES AND GENE PRODUCTS THAT REGULATE AGING 
[0069] As explained above, detection of genes that regulate the aging process (or their 
products) after administration of dsRNA involved in the RNAi response can be used to 
monitor the inhibition of the RNAi response. Genes that modulate the aging process include, 
for example, cellular stress-response genes, antimicrobial genes, metabolic genes, steroid or 
lipid-soluble hormone synthesis genes, and fatty acid desaturation genes. Exemplary genes 
that modulate the aging process include, but are not limited to genes that encode cytochrome 
P450, estradiol- 17-^-dehydrogenases, alcohol/short-cham dehydrogenases, esterases, UDP- 
glucuronosyltransferases, aminopeptidases, carboxypeptidases, amino-oxidases, 
aminoacylases, oligopeptide transporters, metallothioneins, receptor guanylate cyclases, 
mitochondrial superoxide dismutases, catalases, lysosymes, saposins, vitellogenins, 
glutalhione-S-transferases, heat-shock protems, heat shock factors, F-box/cullin/Skp proteins, 
isocitrate lyases, malate syntliases ASMTL, insuUns, and insulin growth factors. Additional 
genes, and gene products that modulate the aging process can be identified using any method 
known in the art, e.g., RNAi analysis; microarray analysis; chemical mutagenesis; 
mammalian complementation assays for age-associated proteins; yeast two hybrid assays. 
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immunoprecipitation; alteration in age-associated reporter gene expression or localization 
(e.g., daf-2 or daf-16); overexpression, underexpression, or knockout of gene expression, etc. 
Suitable controls include organisms with altered lifespan, e.g., by mutation or RNAi. These 
assays can be used with eukaryotic organisms, ceUs, and organeUes such as mitochondria. 
The genes and gene products associated with a mutation are then identified and used to 
analyze the aging process at a molecular level. Genes and gene products that regulate the 
aging process can be identified under normal aging conditions. Patterns of gene expression 
that correlate with normal or abnormal aging can also be used to identify genes associated 
with aging. The aging process has likely been conserved throughout evolution. Thus, genes 
and gene products that regulate the agmg process in one species wiU be usefiil to identify 
similar or orthologous genes and gene products in divergent species. 

A. Manifestations of the Aging Process 
[00701 The most obvious disruption of the aging process is a change in lifespan of an 
individual. Lifespan can either be increased or decreased by a mutation in a gene that 
participates in the agmg process or, as shown here, by anottier intervention, e.g., RNAi 
mediated silencing of such a gene. In addition, for all eukaryotic organisms other physical 
characteristics can be used to distinguish young individuals fiom older individuals. Thus, at 
an organismal level, a mutation that affects the aging process will usually affect the lifespan 
of an individual and may also affect other aging characteristics of that individual. Such 
manifestations of the aging process are known as "age-associated parameters," e.g., indicia 
from Nomarski analysis, stress resistance, appearance, physiological changes, disease states, 
loss of doubling capacity, changes in differentiated phenotype, indirect effects such as fusion 
protein expression and localization or posttranscriptional modification, etc., are described in 
more detail below. 

[0071] Those of skill in the art will recognize that the aging process can also be manifested 
at an organismal level or at a cellular level. While a list of characteristics of aging is 
provided below, it is not exhaustive and other characteristics of the aging process may also be 
analyzed within the scope of the present invention. 

{0072] Characteristics of aging can be distinguished at the organismal level and may be 
species specific. For example, characteristics of older human individuals include skin 
wrinkling, graying of the hak, baldness, cataracts, hypermelanosis, osteoporosis, cerebral 
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cortical atrophy, lymphoid depletion, fliymic atrophy, increased incidence of diabetes type n, 
atherosclerosis, cancer, and heart disease (Nehlin et aL, Annals NY Acad. ScL, 980:176-179 
(2000)). Other characteristics ofmammalian aging include the following: weightless; 
lordokyphosis (hunchback spiae); absence of vigor; lymphoid atrophy; decreases in bone 
density, dermal thickness, and subcutaneous adipose tissue; decreased ability to tolerate 
stresses, such as wound healing, anesthesia, and response to hematopoietic precursor cell 
ablation; sparse hair; liver pathologies; atrophy of intestinal villi; skin ulceration; amyloid 
deposits; and joint diseases (Tyner et aL, Nature 415:45-53 (2002)). 

[0073] Many diseases and disorders also are associated with aging or increased age. 
Exemplary age-related diseases and disorders include: cancer (e,g,, breast cancer, colorectal 
cancer, CCL, CML, prostate cancer); skeletal muscle atrophy; adult-onset diabetes; diabetic 
nephropathy, neuropathy (e.g,, sensory neuropathy, autonomic neuropathy, motor 
neuropathy, retinopathy); obesity; bone resorption; age-related macular degeneration, ALS, , 
Beirs Palsy, atherosclerosis, cardiac diseases (e.g,, cardiac dysrhythmias, chronic congestive 
heart failure, ischemic stroke, coronary artery disease and cardiomyopathy), chronic renal 
failure, type 2 diabetes, ulceration, cataract, presbiopia, glomerulonq)hritis, Guillan-Barre 
syndrome, hemorrhagic stroke, short-term and long-term memory loss, rheimiatoid arthritis, 
inflammatory bowel disease, neurodegenerative disorders (e.g., Alzheimer's, Huntington's, 
Parkinson's), multiple sclerosis, SLE, Crohn's disease, osteoarthritis, pneumonia, and urinary 
incontinence. In addition, many disorders associated with protein aggregation (e.g., 
polyglutamine aggregation, amyloid formation, etc) or protein misfolding can also be age- 
related. Symptoms and diagnosis of diseases are well known to medical practitioners. A 
compound identified by a method described herein can be used to ameliorate at least one 
symptom of such diseases and disorders. Similarly, one or more genes described herein can 
be used to evaluate a risk, association, or status of such diseases and disorders. 

[0074J Careful observation reveals characteristics of the aging process in other eukaryotes, 
including invertebrates. For example, characteristics of aging in the model nematode C. 
elegans as observed by Nomarski analysis include slow movement, flaccidity, yolk 
accumulation, intestinal autofluorescence (lipofiiscin), loss of ability to chew and expel 
(distended oral and anal cavities), necrotic cavities in tissue, curdled appearing tissue, and 
germ cell appearance (graininess, large, well separated nuclei, fewer nuclei, and cavities). 
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[0075] Characteristics of aging can also be observed in cultured cells and also in 
mitochondria. Note that many of these characteristics can also be observed in animals. 
Normal eukaryotic cells have a defined Ufespan when taken fi-om the organism grown in 
culture. These "primary*' tissue culture cells are cells that have neither been immortalized 
nor acquired a transformed phenotype. The primary cells will divide a defined number of 
times in culture and then die (reviewed in Campisi, Exper. Geron. 36:6-7-618 (2001)). 
Cellular aging is also characterized by changes other than loss of doubUng capabihty, e.g. 
changes in apoptotic death and changes in differentiated phenotypes {Id.). In some cases, 
cellular characteristics of aging can also be observed in immortalized or transformed cell 
lines. Aging cells also show stress resistance, e.g.^ free radical generation and H2O2 
resistance. Age-related bio-markers, gene, and protein expression patterns may also be used 
to determine or measure aging. 

[00761 Finally, aging can be assessed indirectly, by an aging related functional effects 
(phenotypic, physical, and chemical effects), e,g, gene expression (e.g., transcript 
abundance), protein abundance/locaUzation/modification state, chromatin structure, signal 
transduction, second messenger levels, marker expression, phosphorylation, 
posttranscriptional modification, reporter gene expression, reporter or fiision protein 
localization, etc. Such effects can often be monitored when examining upstream or 
downstream genetic or biochemical pathways of an aging associated gene. Such effects can 
also be monitored using the aging associated gene. 

B. Isolation of Genes Associated with Aging 
[0077] Those of skill in the art will recognize that aging associated nucleic acids and 
proteins may be conserved in divergent species. Thus, the sequence of a nucleic acid or 
protein associated with aging in one species can be used to identify aging associated nucleic 
acids and proteins from other species, as well as genetic and biochemical pathways for the 
aging associated genes. For example, using methods described in this specification, aging 
associated genes identified in C elegans can be used to identify aging associated genes or 
proteins in humans or other higher eukaryotes. 
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Isolation of ge nes and gene products associated with ag inp ; using classical 
genetic methods. 

[0078] Using classical genetic methods (random genomic mutagenesis), aging mutants are 
be genwated by mutagenesis. The mutagenesis protocol will depend on the organism. For 
example, some eukaryotic organisms can be randomly mutagenized chemically by treatment 
with compounds Uke ethane methyl sulfonate (EMS) or can be mutagenized by exposure to 
UV or gamma irradiation. Preferably, these compounds would be used on organisms such as 
mammalian cells, yeast, C. elegans, Drosophila melanogastery or zebrafish. 

[0079] Mutants in the aging process will preferably be characterized by an increase or a 
decrease in Ufespan (e.g., at least 10, 20, 40, 50, 70, 90, 100, 120, 150% greater than wild- 
type, or at least 10, 20, 30, 40, 50, or 60% less than wild-type). Mutants in the aging process 
will also preferably exhibit a temporal change in expression of an aging characteristic, 
including those Usted above. 

[0080] Those of skill in the art will recognize that mutants can be generated in many ways 
depending on the organism and phenotypes studied. Typically, the mutagenesis process 
decreases, increases, or changes gene activity. Examples of such mutants include age-1, daf- 
2, and daf-16 in C elegans. 

Isolation of ge nes and gene products associated with aging using gene 

inactivation. 

[0081] In another embodiment, aging mutants are made by inactivation of a gene of 
interest, using methods other than classical genetic mutagenesis methods. The gene of 
interest can be inactivated, e.g, using dsRNA inhibition, by using antisense technology, or 
can be inactivated by homologous recombination. The inactivation can take plate in a 
multicellular organism or in cultured cells. For example, the p66 gene has been inactivated 
from mice using homologous recombination, creating a mouse with a longer lifespan than 
wildtype. Transgenic mice of interest which show lifespan increase include Ames dwarf 
mutant mice, p66(-/-) knockout mice, alpha MUPA and MGMT transgenic mice (see, e.g., 
Anisimov, Mech Aging Dev. 122:1221-1255 (2001); Lithgow & Andersen, Bioessays 22:410- 
413 (2000)). 

[0082] dsRNA inhibition can also be used to screen a large number of genes for a 
phenotype. DNA fragments corresponding to predicted genes are cloned into a vector 
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between two bacterial promoters in inverted orientation. The library is then transformed into 
a bacterial strain capable of expressing the DNA fragments. The transformed bacteria or the 
library DNA alone is then introduced into the experimental organism. If desired, inducible 
promoters can be used and expression of the inhibitory dsRNA can be induced during a 
particular time of development or under desired conditions. 

[0083] A preferred embodiment uses a library whose members each include a DNA 
fragment from C. elegans. Each library member is transformed into E, coli and the coli fed 
to the worms. The DNA fragments are under the control of T7 promoters. The bacteria 
express a T7 polymerase that is inducible by IPTG, rendering expression of the inhibitory 
dsRNA inducible by BPTG. 



Isolation of genes and gene products associated with aging using 
overexpression. 

[0084] In another embodiment, aging mutants are made by overexpressing a gene 
associated with aging, using methods other than classical genetic mutagenesis methods.. The 
gene associated with aging is cloned into a vector under the control of a promoter appropriate 
for the experimental system. The expression vector is then introduced into the experimental 
system. The overexpression can take place in either a multicellular organism or in cultured 
cells. 

Isolation of genes and gene products associated with aging using naturally 
occurring mutants. 

[0085] Aging mutants can also occur naturally. Those of skill in the art will recognize that 
such mutants do exist and can be used in the present invention. For example, in himians, 
several premature aging syndromes have been characterized including Wemer syndrome, 
Hutchinson-Guilford disease, Bloom's syndrome, Cockayne's syndrome, ataxia 
telangiectasia, and Down's syndrome. Where appropriate, cells from an individual afflicted 
with an aging syndrome can be studied, rather than the whole organism. 

Isolation of genes and gene products associated with aging using genetic or 
biochemical pathwavs known to regulate aging. 

[0086] Genetic analysis can also be used to delineate regulatory pathways and determine 
ftmctional relationships between genes and gene products. In the case of a complex 
biological process such as aging, more than one regulatory pathway may regulate the aging 
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process. Tliose of skill in the art will recognize that genetic analysis of mutants can be used 
to characterize regulatory pathways and determine relationships between genes. Of course, it 
also possible to use RNA interference to modulate gene activity in analyzing the regulatory 
pathways and relationships. 

(00871 An example of genetic analysis of a regulatory pathway is found in C elegafts. The 
daf'2 gene encodes an insulin/IGF-1 receptor homolog. Mutations that lower the level of 
daf-2 result in animals that have enhanced lifespans. (For review see Guarente and Kenyon, 
Nature 408:255-262 (2000)). daf-16 encodes a forkhead transcription factor homolog that 
acts downstream oidaf-l and is required for daf-l activity. daf-iemyxXzsAs have short 
lifespans. Newly isolated mutations can be analyzed for interaction with the daf2/dafl6 
pathway, hi that way, genes and gene products can be assigned to a regulatory pathway. 

[0088] In addition, genes that interact with the pathway can be identified by using an 
appropriate mutant screen. For example, the C. elegans protein DAF-16 is a transcriptional 
activator. A fusion protein between DAF-16 and green fluorescent protein (DAF-16/GFP) 
can be used to identify the cellular location of the protein. In wild-type animals the protein is 
localized throughout cells. In long-lived daf-2 mutants, DAF-16 is localized to the nucleus. 

[0089] Those of skill in the art will recognize that the localization of DAF-16/GFP can be 
used to identify mutants that perturb the daf2/dafl6 pathway. Localization of DAF-16/GFP 
to the nucleus can be used to screen for dmgs that enhance lifespan or mutations that enhance 
lifespan. A similar fusion using an end product of the pathway, superoxide dismutase (SOD- 
3), can be similarly used. Levels of fluorescence from SOD-3/GFP can be followed by 
microscopy. Those of skill in the art will recognize that expression of SOD-3/GFP can be 
used to screen for long-lived mutants. 

Isolation of genes and gene products associated with aging using changes in 
expression levels. 

[0090] Those of skill in the art will recognize that levels of messenger RNA can be 
measured during the aging process. For aging associated proteins, changes in mRNA levels 
can be detected either during normal aging process or when comparing an aging mutant to a 
wild-type individual. Changes in mRNA levels can be measured using techniques known to 
those of skill in the art, including microarrays, northern blots, and RT PGR. 

[0091] Aging associated genes can be identified through the use of microarrays where 
changes in expression of mRNA levels under different conditions or at different times of 
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development can be assayed. mKNA levels can also be analyzed in aging mutants to identify 
genes that are affected by increases or decreases in lifespan. 

(0092J Microarrays are made by methods known to those of skill in the art, or are 
purchased. Gene expression profiles for the genes described herein can be generated and 
5 used for comparison to identify other age-associated genes. The profile can be generated 
using a microarray, or by other means. The profiles can be derived &om animals, cells, 
mitochondria, or other suitable sources expressing the genes of interest, e.g., RNAi treated 
cells or animals. Such profiles can be stored as computer files and analyzed or compared to 
identify additional genes using algoriflmis known to those of skill in the art. 

10 [0093J Moreover, a gene identified by any method, e.g., transcript or protein profiling, 

RNAi, or genetic mutation, can then by analyzed by one of the other methods. For example, 
the activity of a gene whose transcription is correlated with aging can altered using RNAi. 
Further, chromosomal deficiencies and genetic mutations can be identified in the gene of 
interest. These exemplary alterations can be used to evaluate the contribution of a gene or 
gene product to the aging phenotype. The fimctional relevance of genes so identified can be 
tested with mutants or RNAi. 

ISOLATION OF NUCLEIC ACIDS ENCODING AGING ASSOCIATED PROTEINS 
(0094J This invention can include use of routme techniques in the field of recombinant 
genetics. Basic texts disclosing the general methods of use in this invention include 
Sambrook er,a/.. Molecular Cloning. A Laboratory Manual (2nd ed. 1989); Kriegler, Gene 
Transfer and Expression: A Laboratory Manual (1 990); and Current Protocols in Molecular 
Biology (Ausubel et al., eds., 1994)). 

10095] Aging associated protein-encoding nucleic acids, polymorphic variants, orthologs, 
and alleles can be isolated using the C. elegans genes provided herein using, e.g., moderate or 
low stringent hybridization conditions, by screening libraries, by analyzing a sequence 
database, and/or by synthetic gene construction. Alternatively, expression libraries can be 
used to clone aging associated proteins, polymorphic variants, orthologs, and alleles by 
detecting expressed homologs immunologically with antisera or purified antibodies made 
against C. elegans or mammalian aging associated proteins or portions thereof or by 
complementation, e.g., of a C. elegans phenotype. In a preferred embodiment, human nucleic 
acid libraries are screened for homologs of C. elegans genes or proteins that are associated 
with aging. 
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[0096] To make a cDNA Ubrary, one can choose a source that is rich in the RNA of choice. 
The mRNA is then made into cDNA using reverse transcriptase, ligated into a recombinant 
vector, and transfixed into a recombinant host for propagation, screening and cloning. 
Methods for making and screening cDNA libraries are well known {see. e.g., Gubler &. 
5 Hoffinan. Gene 25 :263-269 (1 983); Sambrook et al., supra; Ausubel et al. supra). 

[0097] For a genomic library, the DNA is extracted from the tissue and either mechanically 
sheared or enzymaticaUy digested to yield fiagments of about 12-20 kb. The fiagments are 
then separated by gradient centrifogation fi-om undesired sizes and are constructed in 
bacteriophage lambda vectors. These vectors and phage are packaged in vitro. Recombinant 
10 phage are analyzed by plaque hybridization as described in Benton & Davis, Science 

196:180-182 (1977). Colony hybridization is canied out as generally described in Grunstein 
et al., Proc. Natl. Acad. Sci. USA.. 72:3961-3965 (1975). 

[0098] An alternative method of isolating aging associated protein-encoding nucleic acid 
and their orthologs, alleles, mutants, polymorphic variants, and conservatively modified 
1 5 variants combines the use of synthetic oligonucleotide primers and ampUfication of an RNA 
or DNA template {see U.S. Patents 4,683,195 and 4,683,202; PCR Protocols: A Guide to 
Methods and Applications (horns et al, eds, 1990)). Methods such as polymerase chain 
reaction (PCR) and ligase chain reaction (LCR) can be used to ampUfy nucleic acid 
sequences of aging associated protein-encoding genes directly fi-om mRNA, fi-om cDNA, 
20 from genomic libraries or cDNA libraries. Degenerate oUgonucleotides can be designed to 
amphfy homologs and orthologs using the sequences provided herein. Restriction 
endonuclease sites can be incorporated mto the primers. Polymerase chain reaction or other 
in vitro amplification methods may also be usefid, for example, to clone nucleic acid 
sequences that code for proteins to be expressed, to make nucleic acids to use as probes for 
detecting the presence of aging associated protein encoding mRNA in physiological samples, 
for nucleic acid sequencing, or for other purposes. Genes ampUfied by flie PCR reaction can 
be pmified firom agarose gels and cloned into an appropriate vector. 

[0099] Gene expression of aging associated proteins can also be analyzed by techniques 
known in the art, e.g., reverse transcription and amplification of mRNA, isolation of total 
30 RNA or poly A"^ RNA, northern blotting, dot blotting, in situ hybridization, RNase protection, 
high density polynucleotide array technology, e.g., and the like. 
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10100] Nucleic acids encoding aging associated proteins can be used with high density 
oUgonucleotide array technology (e.^., GeneChip™) to identify aging associated proteins, 
orthologs, alleles, conservatively modified variants, and polymorphic variants in this 
invention. In the case where the homologs and orthologs being identified are linked to 
modulation of aging associated proteins, they can be used with GeneChip™ as a diagnostic 
tool in detecting the disease in a biological sample, see, e.g,, Gunthand et al, AIDS Res. 
Hum, Retroviruses 14: 869-876 (1998); Kozal et al, Nat Med. 2:753-759 (1996); Matson et 
a/., AnaL Biochem. 224:1 10-106 (1995); Lockhart etal, Nat. Biotechnol 14:1675-1680 
(1996); Gingeras etal. Genome Res. 8:435-448 (1998); Hacia etal. Nucleic Acids Res. 
26:3865-3866 (1998). 

[0101] The gene for aging associated proteins are typically cloned into intermediate vectors 
before transformation into prokaryotic or eukaryotic cells for replication and/or expression. 
These intermediate vectors are typically prokaryote vectors, e.g.^ plasmids, or shuttle vectors. 



EXPRESSION IN PROKARYOTES AND EUKARYOTES 

[0102] To obtain high level expression of a cloned gene, such as those cDNAs encoding 
aging associated proteins, one typically subclones aging associated protein encoding nucleic 
acids into an expression vector that contains a strong promoter to direct transcription, a 
transcription/translation terminator, and a ribosome binding site for translational initiation. 
Suitable bacterial promoters are well known in the art and described, e.g., in Sambrook et aL, 
and Ausubel et al, supra. Bacterial expression systems for expressing aging associated 
proteins are available in, e.g., E. coli. Bacillus sp., and Salmonella (Palva et al. Gene 22:229- 
235 (1983); Mosbach et al.. Nature 302:543-545 (1983). Kits for such expression systems 
are commercially available. Eukaryotic expression systems for mammaUan cells, yeast, and 
insect cells are well known in the art and are also commercially available. 

[01 03] Selection of the promoter used to direct expression of a heterologous nucleic acid 
depends on the particular application. The promoter is preferably positioned about the same 
distance from the heterologous transcription start site as it is from the transcription start site 
in its natural setting. As is known in the art, however, some variation in this distance can be 
accommodated without loss of promoter ftmction. 

[0104] In addition to the promoter, the expression vector typically contains a transcription 
unit or expression cassette that contains all the additional elements required for the 
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expression of aging associated protein encoding nucleic acid in host cells. A typical 
expression cassette thus contains a promoter operably linked to the nucleic acid sequence 
encoding aging associated proteins and signals required for efficient polyadenylation of the 
transcript, ribosome binding sites, and translation termination. Additional elements of the 
cassette may include enhancers and, if genomic DNA is used as the structural gene, introns 
with functional splice donor and acceptor sites. 

10105] Li addition to a promoter sequence, the expression cassette should also contain a 
transcription termination region downstream of the structural gene to provide for efficient 
termination. The termination region may be obtained from the same gene as the promoter 
sequence or may be obtained from different genes. 

[0106] The particular expression vector used to transport the genetic information into the 
cell is not particularly critical. Any of the conventional vectors used for expression in 
eukaryotic or prokaryotic cells may be used. Standard bacterial expression vectors include 
plasmids such as pBR322 based plasmids, pSKF, pET23D, and fusion expression systems 
such as MBP, GST, and LacZ. Epitope tags can also be added to recombinant proteins to 
provide conveaient methods of isolation, e.g.^ c-myc. 

[01071 Expression vectors containing regulatory elements from eukaryotic virases are 
typically used in eukaryotic expression vectors, e.g., SV40 vectors, papilloma virus vectors, 
and vectors derived from Epstein-Barr virus. Other exemplary eukaryotic vectors include 
pMSG, pAV009/A^ plMTOlO/A"", pMAMneo-5, baculovfrus pDSVB, and any other vector 
allowing expression of proteins under the direction of flie CMV promoter, SV40 early 
promoter, S V40 later promoter, metallofhionein promoter, murine manmiary tmnor virus 
promoter, Rous sarcoma virus promoter, polyhedrin promoter, or other promoters shown 
effective for expression in eukaryotic cells. 

[0108] Expression of proteins from eukaryotic vectors can be also be regulated using 
inducible promoters. With inducible promoters, expression levels are tied to the 
concentration of inducing agents, such as tetracycline or ecdysone, by the incorporation of 
response elements for these agents into the promoter. Generally, high level expression is 
obtained from inducible promoters only in the presence of the inducing agent; basal 
expression levels are minimal. Inducible expression vectors are often chosen if expression of 
the protein of interest is detrimental to eukaryotic cells. 
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[0109] Some expression systems have markers that provide gene amplification such as 
thymidine kinase and dihydrofolate reductase. Alternatively, high yield e?q)ression systems 
not involving gene ampUfication are also suitable, such as using a baculovirus vector in insect 
cells, with mitochondrial respiratory chain protein encoding sequences and glycolysis protein 
encoding sequence under the direction of the polyhedrin promoter or other strong baculovirus 
promoters. 

[0110] The elements that are typically included in expression vectors also include a 
repUcon that functions in E: coli, a gene encoding antibiotic resistance to permit selection of 
bacteria that harbor recombinmit plasmids, and unique restriction sites in nonessential regions 
of the plasmid to allow insertion of eukaryotic sequences. The particular antibiotic resistance 
gene chosen is not critical, any of the many resistance genes known in the art are suitable. 
The prokaryotic sequences are preferably chosen such that they do not interfere with the 
replication of the DNA in eukaryotic cells, if necessary, 

[Oil 1] Standard transfection methods are used to produce bacterial, mammalian, yeast or 
insect cell lines that express large quantities of aging associated proteins, which are then 
purified using standard techniques (see, e.g., CoUey et aL, J, BioL Chem, 264:17619-17622 
(1989); Guide to Protein Purification, in Methods in Enzymology, vol. 1 82 (Deutscher, ed., 
1990)). Transformation of eukaryotic and prokaryotic cells are performed according to 
standard techniques (see, e.g., Morrison, J. Bact. 132:349-351 (1977); Clark-Curtiss & 
Curtiss, Methods in Enzymology 101:347-362 (Wu et al, eds, 1983). 

[01 1 2] Any of the well-known procedures for introducing foreign nucleotide sequences 
into host cells may be used. These include the use of calcium phosphate transfection, 
polybrene, protoplast fusion, electroporation, biolistics, liposomes, microinjection, plasma 
vectors, viral vectors and any of the other well known methods for introducing cloned 
genomic DNA, cDNA, synthetic DNA or other foreign genetic material into a host cell (see, 
e.g., Sambrook et ah, supra). It is only necessary that the particular genetic engineering 
procedure used be capable of successfully introducing at least one gene into the host cell 
capable of expressing aging associated proteins. 

[01 13] After the expression vector is introduced into the cells, the transfected cells are 
cultured under conditions favoring expression of aging associated proteins, which is 
recovered from the culture using standard techniques identified below. 
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(01 141 Expression vectors with appropriate regulatory sequences can also be used to 
express a heterologous gene in a nematode. In one example, the expression vector is injected 
in the gonad of the nematode, and the vector is incorporated, e.g., as an extra-chromosomal 
array in progeny of the nematode. The vector can further include a second gene (e.g., a 
marker gene) that indicates the presence of the vector. For example, the heterologous gene 
can be a mammalian gene, e.g., a mammalian cDNA, or a fragment thereof. 



PURIFICATION OF AGING ASSOCIATED PROTEINS 

[0115] Eitho: naturally occurring or recombinant aging associated proteins can be purified 
1 0 for use in functional assays. Naturally occurring aging associated proteins can be purified, 
e.g., from human tissue. Recombinant aging associated proteins can be purified from any 
suitable expression system. 

[01 1 6] Aging associated proteins may be purified to substantial purity by standard 
techniques, including selective precipitation with such substances as ammonium sulfate; 
1 5 column chromatography, immunopurification methods, and others (see, e.g. , Scopes, Protein 
Purification: Principles and Practice (1982); U.S. Patent No. 4,673,641; Ausubel et al., 
supra; and Sambrook et al., supra). 

[01 1 7J A number of procedures can be employed when recombinant aging associated 
proteins are being purified. For example, proteins having established molecular adhesion 
properties can be reversible fused to aging associated proteins. With the appropriate ligand, 
aging associated proteins can be selectively adsorbed to a purification column and then freed 
from the column in a relatively pure form. The fused prx>tein is then removed by enzymatic 
activity. Finally, aging associated proteins could be purified using immunoafiOnity columns. 



A. Purification of aging associated proteins from recombinant bacteria 
[0118] Recombinant proteins are e3q)ressed by transformed bacteria in large amounts, 
typically after promoter induction; but expression can be constitutive. Promoter mduction 
with IPTG is one example of an inducible promoter system. Bacteria are grown according to 
standard procedures in the art. Fresh or fiiozen bacteria cells are used for isolation of protein. 

[01 1 9] Proteins expressed in bacteria may form insoluble aggregates ("inclusion bodies"). 
Several protocols are suitable for purification of aging associated protein inclusion bodies. 
For example, purification of inclusion bodies typically involves the extraction, separation 
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and/or purification of inclusion bodies by disruption of bacterial cells, e.g., by incubation in i 
buffer of 50 mM TRIS/HCL pH 7.5, 50 mM NaCl, 5 mM MgCb, 1 mM DTT, 0.1 mM ATP, 
and 1 mM PMSF. The cell suspension can be lysed using 2-3 passages through a French 
Press, homogenized using a Polytron (Brinkman Instruments) or sonicated on ice. Alternate 
methods of lysing bacteria are ^parent to those of skill in tiie art {see, e.g., Sambrook et ai, 
supra; Ausubel et al., supra). 

[0120] If necessary, the inclusion bodies are solubilized, and the lysed cell suspension is 
typically cenhifiiged to remove unwanted insoluble matter. Proteins that formed the 
inclusion bodies may be renatiired by dilution or dialysis with a compatible buffer. Suitable 
solvents include, but are not limited to urea (from about 4 M to about 8 M), formamide (at 
least about 80%, volume/volume basis), and guanidine hydrochloride (from about 4 M to 
about 8 M). Some solvents which are capable of solubilizing aggregate-forming proteins, for 
example SDS (sodium dodecyl sulfate), 70% formic acid, are inappropriate for use in this 
procedure due to the possibility of irreversible denaturanon of the proteins, accompanied by a 
lack of immunogenicity and/or activity. Although guanidme hydrochloride and similar 
agents are denaturants, this denaturation is not irreversible and renaturation may occur upon 
removal (by dialysis, for example) or dilution of the denatiu^t, allowing re-foimation of 
immunologically and/or biologically active protein. Other suitable buffers are known to 
those skilled in the art. Aging associated proteins are separated from other bacterial proteins 
by standard separation techniques, e.g., with Ni-NTA agarose resin. 

101211 Alternatively, it is possible to purify aging associated protems from bacteria 
periplasm. After lysis of the bacteria, when the aging associated proteins are exported into 
flie periplasm of the bacteria, the periplasmic fraction of the bacteria can be isolated by cold 
osmotic shock in addition to other methods known to skill in the art. To isolate recombinant 
proteins from the periplasm, the bactaial cells are centrifiiged to form a pellet. The pellet is 
resuspended in a buffea- containing 20% su<ax)se. To lyse the cells, the bacteria are 
centrifiiged and the pellet is resuspended in ice-cold 5 mM MgS04 and kept in an ice bafli for 
approximately 10 minutes. The cell suspension is centrifiiged and the supernatant decanted 
and saved. The recombinant proteins present in the supernatant can be separated from the 
host proteins by standard separation techniques well known to those of skill in the art. 
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B. Standard protein separation techniques for purifying aging associated 
proteins 

Solubility fractionation 
[0122] Often as an initial step, particularly if the protein mixture is complex, an initial salt 
fractionation can separate many of the unwanted host cell proteins (or proteins derived from 
the cell culture media) from the recombinant protein of interest. The preferred salt is 
ammonium sulfate. Ammonium sulfate precipitates proteins by effectively reducing the 
amount of water in the protein mixture. Proteins then precipitate on the basis of their 
solubility. The more hydrophobic a protein is, the more likely it is to precipitate at lower 
ammonium sulfate concentrations. A typical protocol includes adding saturated ammonium 
sulfate to a protein solution so that the resultant anamoniimi sulfate concentration is between 
20-30%. This concentration will precipitate the most hydrophobic of proteins. The 
precipitate is then discarded (unless the protein of interest is hydrophobic) and ammonium 
sulfate is added to the supematant to a concentration known to precipitate the protein of 
interest. The precipitate is then solubilized in buffer and the excess salt removed if 
necessary, either through dialysis or diafiltration. Other methods that rely on solubility of 
proteins, such as cold ethanol precipitation, are well known to those of skill in the art and can 
be used to fractionate complex protein mixtures. 

Size differential filtration 
[0123] The molecular weight of the aging associated proteins can be used to isolate it from 
proteins of greater and lesser size using ultrafiltration through membranes of different pore 
size (for example, Amicon or Milhpore membranes). As a first step, the protein mixture is 
ultrafiltered through a membrane with a pore size that has a lower molecular weight cut-off 
than the molecular weight of the protein of interest. The retentate of the ultrafiltration is then 
ultrafiltered against a membrane with a molecular cut off greater than the molecular weight of 
the protein of interest. The recombinant protein will pass through the membrane into the 
filtrate. The filtrate can then be chromatographed as described below. 

Column chromatography 
[0124] The aging associated proteins can also be separated from other proteins on the basis 
of its size, net surface charge, hydrophobicity, and affinity for ligands. In addition, 
antibodies raised against proteins can be conjugated to column matrices and the proteitis 
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inununopurified. All of these methods are well known in the art. It will be apparent to one 
of skill that chromatographic techniques can be performed at any scale and using equipment 
from many different manufacturers (e.g., Pharmacia Biotech). 

IMMUNOLOGICAL DETECTION OF AGING ASSOCIATED PROTEINS 
[0125] In addition to the detection of aging associated genes and gene expression using 
nucleic acid hybridization technology, one can also use immimoassays to detect modulation 
of aging associated proteins. Such assays are useful for screening for modulators of aging 
associated proteins, e.g., for regulation of lifespan, as well as for therapeutic and diagnostic 
^plications. Immunoassays can be used to qualitatively or quantitatively analyze aging 
associated proteins. A general overview of the applicable technology can be found in Harlow 
& Lane, Antibodies: A Laboratory Manual (1988). 

[0126] Methods of producing polyclonal and monoclonal antibodies that react specifically 
with the aging associated proteins are known to those of skill in the art (see, e.g., Coligan, 
Current Protocols in Immunology (1991); Harlow & Lane, supra; Goding, Monoclonal 
Antibodies: Principles and Practice (2d ed. 1986); and Kohler & Milstein, Nature 256:495- 
497 (1975). Such techniques include antibody preparation by selection of antibodies from 
libraries of recombinant antibodies in phage or similar vectors, as well as preparation of 
polyclonal and monoclonal antibodies by immunizing rabbits or mice (see, e.g., Huse et al.. 
Science 246:1275-1281 (1989); Ward et al. Nature 341:544-546 (1989)). 

(01 27] A number of immunogens comprising portions of agmg associated proteins may be 
used to produce antibodies specifically reactive with an aging associated protein. For 
example, recombinant protein or an antigenic firagment thereof, can be isolated as described 
herein. Recombinant protein can be expressed in eukaryotic or prokaryotic cells as described 
above, and purified as generally described above. Recombinant protein is the preferred 
immunogen for the production of monoclonal or polyclonal antibodies. Alternatively, a 
synthetic peptide derived from the sequences disclosed herein and conjugated to a carrier 
protein can be used an immimogen. Naturally occurring protein may also be used either in 
pure or impure form. The product is then injected into an animal capable of producing 
antibodies. Either monoclonal or polyclonal antibodies may be generated, for subsequent use 
in immunoassays to measure the protein. 
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[0128] Methods of production of polyclonal antibodies are known to those of skill in the 
art. An inbred strain of mice (e.g., BALB/C mice) or rabbits is immunized with the protein 
using a standard adjuvant, such as Freund's adjuvant, and a standard immunization protocol. 
The animal's immune response to the immunogen preparation is monitored by taking test 
bleeds and determining the titer of reactivity to the beta subunits. When appropriately high 
titers of antibody to the immunogen are obtained, blood is collected from the animal and 
antisera are prepared. Further fractionation of the antisera to enrich for antibodies reactive to 
the protein can be done if desired {see. Harlow & Lane, stq}rd). 

m29\ Monoclonal antibodies may be obtained by various techniques famiUar to those 
skilled in the art. Briefly, spleen cells from an animal immunized with a desired antigen are 
immortahzed, commonly by fusion with a myeloma ceU {see, Kohler & Milstein, Eur. J. 
Immunol. 6:511-519 (1976)). Alternative metiiods of immortaUzation include transformation 
with Epstein Bair Virus, oncogenes, or refa-oviruses, or other methods well known in the ait. 
Colonies arising from single immortalized cells are screened for production of antibodies of 
the desired specificity and affinity for the antigen, and yield of the monoclonal antibodies 
produced by such cells may be enhanced by various techniques, including injection mto the 
peritoneal cavity of a vertebrate host. Alternatively, one may isolate DNA sequences which 
encode a monoclonal antibody or a bmdmg fragment thereof by screening a DNA library 
from human B cells according to the general protocol outlined by Huse, et al. Science 
246:1275-1281 (1989). 

[0130] Monoclonal antibodies and polyclonal sera are collected and titered agamst the 
immunogen protein in an immunoassay, for example, a soUd phase immunoassay with the 
immunogen immobilized on a solid support. Typically, polyclonal antisera with a titer of lO" 
or greater are selected and tested for their cross reactivity against non-specific proteins, using 
a competitive binding immunoassay. Specific polyclonal antisera and monoclonal antibodies 
will usually bind with a Kd of at least about 0. 1 mM, more usually at least about 1 ^tM, 
preferably at least about 0.1 /tM or better, and most preferably, 0.01 (M. or better. Antibodies 
specific only for a particular ortholog, such as a human ortholog, can also be made, by 
subtracting out other cross-reacting orthologs from a species such as a non-human mammal. 

(01 31] Once the specific antibodies against aging associated proteins are available, the 
protein can be detected by a variety of immunoassay methods. In addition, the antibody can 
be used therapeutically as aging associated protein modulators, e.g., to enhance and extend 
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lifespan or to prevent premature aging. For a review of immunological and immunoassay 
procedures, see Basic and Clinical Immunology (Stites & Terr eds., 7* ed. 1991). Moreover, 
tbe immimoassays of the present invention can be performed in any of several configurations, 
which are reviewed extensively in Enzyme hnmunoassay (Maggio, ed., 1980); and Harlow & 
Lane, supra. 

[0132] It is also possible to use protein arrays to detect an aging associated protein, e,g., to 
concurrently detect a plurality of aging associated proteins. Exemplary methods for 
producing protein arrays are provided in De Wildt et al (2000) Nat Biotechnol 18:989-994; 
Luekinger^i/. {1999) Anal Biochem. 270:103-111; Ge {2000) Nucleic Acids Res. 28, e3, 1- 
VE; MacBeath and Schreiber (2000) Science 289:1760-1763; WO 0/98534, WOOl/83827, 
WO02/12893, WO 00/63701, WO 01/40803 and WO 99/51773. In some implementations, 
polypeptides (including peptides) are spotted onto discrete addresses of the array, e,g,, at high 
speed, e.g., using commercially available robotic apparati, e.g., from Genetic MicroSystems 
or BioP^obotics. The array substrate can be, for example, nitrocellulose, plastic, glass, e.g.^ 
surface-modified glass. The array can also include a porous matrix, e.g., acrylamide, agarose, 
or another polymer, 

ASSAYS FOR MODULATION OF AGING ASSOCIATED PROTEINS 

A. Assays 

[0133] Modulation of aging associated proteins and genes can be assessed using a variety 
of m vitro and in vivo assays, as described herein, and, such assays can be used to identify 
inhibitors and activators of aging associated proteins. Such modulators of aging associated 
proteins and genes, which are involved in aging, are usefiil for enhancing lifespan or treating 
premature aging. Modulation of aging associated proteins and genes is tested using either 
recombinant or naturally occurring, preferably C. elegans, mouse, rat, guinea pig, monkey, or 
human aging associated proteins. 

[0134] Preferably, the aging associated proteins or genes will have a C elegans or a 
mammalian, e.g., a rat, mouse, guinea pig, rabbit, monkey, or human sequence. 
Alternatively, the aging associated proteins or genes of the assay will be derived from a 
eukaryote and include an nucleic acid or amino acid subsequence having sequence identity to 
the C. elegans genes and gene products described herein. Generally, the sequence identity 
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will be at least 30%, 35%, 40%, 45% or 50%, preferably at least 55%, 60%, 65%, 70%, 75%, 
80%, 85%, or 90%, most preferably at least 95%. 

[0135] Measiirement of modulation of aging phenotype with aging associated proteins or 
cells expressing aging associated proteins or genes, either recombinant or naturally occurring, 
5 can be performed using a variety of assays, in vitro, in vivo, and ex vivo. A suitable 

physiological change that affects activity can be used to assess measure modulation of aging 
associated genes. When the functional effects are detemiined using intact cells or animals, 
one can also measure a variety of effects such as, increases or decreases in lifespan, cellular 
proliferation, or in the case of signal transduction, hormone release, transcriptional changes to 
10 both known and uncharacterized genetic markers (e.g., northem blots), changes in cell 
metabolism such as cell growth or pH changes, and changes in intracellular second 
messengers such as cGMP. 

[0136] In one embodiment, modulation of aging associated proteins or genes is assayed in 
vivo by screening in C elegans or in a mammalian model system (cellular or animal) for 
1 5 changes in mean and median lifespan. 

[0137] Some aging associated proteins have measurable enzymatic activity. Thus, 
enzymatic assays can be performed to detect modulation of the aging associated proteins. 
Enzymatic activity can encompass a chemical reaction carried out by a protein, as well as 
binding of substrates, cofactors, regulatory compounds, or ligands to the protein. It may also 
20 be useful to monitor other properties of the aging associated protein, e.g., a stmctural 
property (e.g., conformation, oligomerization state, stabiUty, mobility, and the like) or a 
cellular property (e.g., cellular localization, accessibility, clustering, and the like). The 
protein activity and binding capabilities assayed will depend on the aging associated protein. 

[0138] The functional activities described herein do not represent all of the enzymatic 
25 activities that could be found in aging associated proteins. For example, some aging proteins 
could act to down regulate transcription of messenger RNA. Still other aging proteins may 
functional, e.g., as a stmctural scaffold or adaptor protein, e.g., they may or may not have an 
enzymatic activity. 

30 PHARMACEUTICAL COMPOSITIONS AND ADMINISTRATION 

[0139] The dsRNA administered according to the methods of flie invention can be 
administered using any means known in the art and in conjunction wifli any pharmaceutically 
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acceptable carrier known to those of skill in the art. Pharmaceutically acceptable earners are 
determined in part by the particular composition being administered {e.g., nucleic acid, 
protein, modulatory compounds or transduced cell), as well as by the particular method used 
to administer the composition. Accordingly, there are a wide variety of suitable formulations 
of pharmaceutical compositions of the present invention {see, e.g.. Remington 's 
Pharmaceutical Sciences, \ ed., 1989). Administration can be in any convenient manner, 
e.g, by injection, oral administration, inhalation, transdermal application, or rectal 
administration. 

(01401 Formulations suitable for oral administration can consist of (a) liquid solutions, such 
as an effective amount of the packaged nucleic acid suspended in diluents, such as water, 
saUne or PEG 400; (b) capsules, sachets or tablets, each containing a predetennined amount 
of the active ingredient, as liquids, solids, granules or gelatin; (c) suspensions in an 
appropriate Uquid; and (d) suitable emulsions. Tablet forms can include one or more of 
lactose, sucrose, mannitol, sorbitol, calcium phosphates, com starch, potato starch, 
microcrystalline cellulose, gelatin, colloidal silicon dioxide, talc, magnesium stearate, stearic 
acid, and other excipients, colorants, fillers, binders, diluents, buffering agents, moistening 
agents, preservatives, flavoring agents, dyes, disintegrating agents, and pharmaceutically 
compatible carriers. Lozenge forms can comprise the active ingredient in a flavor, e.g, 
sucrose, as well as pastilles comprising the active ingredient in an inert base, such as gelatin 
and glycerin or sucrose and acacia emulsions, gels, and the like containing, in addition to the 
active ingredient, carriers known in the art. 

[0141] The compound of choice, alone or in combination with other suitable components, 
can be made into aerosol formulations {i.e., they can be "nebulized") to be administered via 
inhalation. Aerosol formulations can be placed into pressurized acceptable propellants, such 
as dichlorodifluoromethane, propane, nitrogen, and the Uke. 

[0142] Formulations suitable for parenteral administration, such as, for example, by 
intraarticular (in the joints), intravenous, intramuscular, intradermal, intraperitoneal, and 
subcutaneous routes, include aqueous and non-aqueous, isotonic sterile mjection solutions, 
which can contain antioxidants, buffers, bacteriostats, and solutes that render the formulation 
isotonic with the blood of the intended recipient, and aqueous and non-aqueous sterile 
suspensions that can include suspending agents, solubilizers, thickening agents, stabilizers, 
and preservatives. In the practice of this invention, compositions can be administered, for 
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example, by intravenous infusion, orally, topically, intraperitoneally, intravesically or 
intrathecally. Parenteral administration and intravenous administration are the preferred 
methods of administration. The formulations of commends can be presented in unit-dose or 
multi-dose sealed contains, such as ampules and vials. 

[0143] Injection solutions and suspensions can be prepared from sterile powders, granules, 
and tablets of the kind previously described. Cells transduced by nucleic acids for ex vivo 
therapy can also be administered intravenously or parenterally as described above. 

[0144] The dose administered to a patient, in the context of the present invention should be 
sufficient to effect a beneficial therapeutic response in the patient over time. The dose will be 
determined by the efficacy of the particular vector employed and the condition of the patient, 
as well as the body weight or surface area of the patient to be treated. The size of the dose 
also will be determined by flie existence, nature, and extent of any adverse side-effects that 
accompany the administration of a particular vector, or transduced cell type in a particular 
patient. 

[01451 hi determining the effective amount of the vector to be administered in the treatment 
or prophylaxis of conditions owing to diminished or aberrant expression of the protein of 
choice, the physician evaluates circulating plasma levels of the vector, vector toxicities, 
progression of the disease, and the production of anti-vector antibodies. In general, the dose 
equivalent of a naked nucleic acid from a vector is from about 1 /tg to 100 /tg for a typical 70 
kilogram patient, and doses of vectors which include a retroviral particle are calculated to 
yield an equivalent amount of therapeutic nucleic acid. 

[0146] For administration, compounds and transduced cells of the present invention can be 
administered at a rate determined by the LD-50 of the inhibitor, vector, or transduced cell 
type, and the side-effects of the inhibitor, vector or cell type at various concentrations, as 
applied to the mass and overall health of the patient Administration can be accomplished via 
single or divided doses. 

[0147] It is understood that the examples and embodiments described herein are for 
illustrative purposes only and that various modifications or changes in Ught thereof will be 
suggested to persons skilled in the art and are to be included within the spirit and purview of 
this application and scope of the upended claims. All publications, patents, and patent 
^plications cited herein are hereby incorporated by reference in their entirety for all 
purposes. 
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EXAMPLES 

(0148] The following examples are provided by way of illustration only and not by way of 
limitation. Those of skill in the art will readily recognize a variety of noncritical parameters 
that could be changed or modified to yield essentially similar results. 

Example 1: RT-PCR analysis 

[0149] Total RNA was extracted from approximately 20000 synchronized, sterile animals 
using trizol. To avoid mRNA contamination from eggs, which may not be susceptible to 
bacterial RNAi, we determined the efficacy of our RNAi treatments using a sterile strain, fer- 
1 5(b26),fem-I (hcl 7). Before harvest, animals were exposed to bacteria containing the RNAi 
vector or containing the daf-2 RNAi construct from the LI until the L4 larval stage or from 
day 8 until day 10 of adulthood. 4 ug of total RNA was used for one round of reverse 
transcription (RT) using oligo dT primers. Serial dilutions of the RT reaction (1:1 - 1:24) 
was -used for PGR reaction using daf-2 specific primers (5'- 
GGCACCGGTGCGGGAGCATTGAAACGAACAAAACACATC-3',5'- 
TCCAGCACATTTTCATCACCTTATACC-3') to the 3' end of daf-2 . RNAi was directed 
to a non-overlapping 5' end of daf-2. Serial dilutions of flie RT reaction (1:1 - 1:20) was 
used for PGR reaction using daf-16 specific primers (5'- 
ATGTATGATGATGTAGAATTGGGATCATGGG -3', 5'- 

GAAATGAAAATGAATATGGTGGCGTGCAGG -3') to the 3' end of daf-16. RNAi was 
directed to a non-overlapping 5' end of daf-J6. 4^1 of a 50^1 PGR reaction was analyzed on 
agarose gels using ethidimn bromide. 

Example 2: Dauer assavs 

[0150] Wild-type hermaphrodites were allowed to lay eggs onto the control RNAi bacteria 
or daf-2 RNAi bacteria at lO^C. The eggs were then shifted to 270C and the presence of 
dauer larvae were scored 48 hours later when animals would normally be reproductive adults. 

Example 3: Lifespan, reproduction and stress assavs 

[0151] Lifespan, reproduction and stress assays were conducted at 20OG. We used the pre- 
fertile period of adulthood as the t=0 for lifespan analysis. Strains were grown at 20OC at for 
at least two generations before use in lifespan analysis. We used Statview 5.0.1 (SAS) 
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software for statistical analysis and to determine means and percratiles. In all cases, P values 
were calculated using the logrank (Mantel-Cox) method. 

[0152] The total number of progeny bom to a single worai over time was measured in the 
following way. Briefly, worms hatched within a 1 hour period were collected and allowed to 
develop to the L4 stage. Once in the L4 stage, worais were individually placed onto separate 
plates. In all cases, at least 15 worms were used for each analysis. Womis were transferred 
to new plates every 12 hours and the resulting progeny were allowed to grow for two days 
until counted for progeny measurements. The % of total progeny was calculated for each 
tune point by dividing the number of progeny produced on a time pomt by the total number 
of progeny produced over the course of the experiment. 

[0153] For stress resistance assays, wild-type animals were transferred to bacteria 
expressmg daf'2 dsRNA at the indicated times. After reproduction had ceased, at day 5 of 
adulthood, womis were submerged in 50\x\ of 0.4M paraquat dissolved in S-basal buffer at 20 
OC. Death was determined on an hourly basis by the lack of movement after prodding with a 
platinum wire. At least 40 worms were used for each analysis. 

Example 4: RNAi inhibition using dcr-1 

[0154] To lower daf'2 activity during the larval stages only, wild-type ammals were grown 
on bacteria expressing daf-2 dsKNA and then shifted to bacteria expressmg dcr-l dsRNA as 
day 1 adults. Control animals were grown during development on the RNAi bacteria 
containing the vector only md then shifted to dcr-l RNAi bacteria as day 1 adults. Ammals 
were grown at 25^0. 

[0155] These experiments demonstrate that a component of the RNAi response such as 
dicer dsRNA can conveniently be used to block an existmg RNAi response, hi the first, loss 
of daf-2 activity will increase die lifespan of C. elegans if inactivated during early adulthood. 
Daf-2 RNA was mactivated using daf-2 specific RNAi. The animals were removed fi-om the 
environmental RNAi stimulus (food bacteria expressing daf-2 dsRNA). The RNAi response 
continued to exert its effect during the adult stages and caused an increased lifespan. By 
shifting these animals to dcr-1 RNAi in early adulthood, increased lifespan was blocked, by 
blocking the existing RNAi response against daf-2 (see Figure 5). 

[0156] In the second experiment loss of mitochondrial electron transport activity during the 
early developmental stages causes an increased adult Ufespan. In contrast to the daf-2 
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experiment, this increased lifespan could not be reduced if the animals were shifted to dcr-l 
RNAi as adults. Loss of dcr-l function does not merely shorten lifespan (see Figure 6). 

[0157] Finally, wild-type worms treated with dcr-l RNAi have noraial lifespans, further 
indicating that dcr-l does not function by merely reducing lifespan. 

5 [0158] The nucleic acid sequence for C. elegans dcr-l is K12H4.8 (WoimBase) and the 
protein sequence is WP:CE25057 (WormBase). The GenBank Accession No. for C. elegans 
dcr-l is NM_066360.1 (nucleic acid, SEQ ID NO.l) and NP_498761.1 O^rotein, SEQ ID 
NO:2). The GenBank Accession No. for human dcr-l is NM_030621.1 (nucleic acid, SEQ 
ID NO:3) and NP_085 124.1 (protein, SEQ ID NO:4). 

1 0 [01591 lnsulin/IGF-1 signaling influences longevity, reproduction and diapause in many 
organisms. Because of the fundamental importance of this system in animal physiology, we 
asked when during the animal's life it is required to regulate these different processes. We 
find that in C elegans. the pathway acts during adulthood, to relatively advanced ages, to 
influence aging. In contrast, it acts during development to regulate diapause. In addition, the 

15 pathway controls longevity and reproduction independently of one another. Together our 
findings show that lifespan regulation can be dissociated temporally fiom phenotypes that 
might seem to decrease the quality of life. 

(0160J In C. elegans. mutations that decrease the activity of DAF-2, an insulin/IGF-l-like 
receptor, or downstream PI-3 kinase/PDK-l/AKT signaling components, prolong 

20 youthfiibiess and double the Kfespan of the animal. The DAF-2 pathway influences other 
processes as well. All daf-2 mutations examined increase resistance to oxidative stress and 
delay reproduction (some alleles also reduce fertility). Strong daf-2 mutations cause juvenile 
animals to enter a state of diapause, called dauer, instead of growing to adulthood. All of 
these mutant phenotypes require the activity of DAF-16. a forkhead famUy transcription 

25 factor (i-3). 

[0161] Mutations in components of the insulin/IGF-1 pathway also extend lifespan in flies 
(4. 5), and mutations that inhibit pituitary development or growth hormone receptor 
signaling, which in turn decrease IGF-1 signaUng, extend the lifespan of mice (<5). 
Components of insulinAGF-1 signaUng pathways also influence reproduction, stress 
30 resistance and entry into diapause-Uke states in a wide range of organisms {1-3). 
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[0162] To investigate when the C elegmts insulin/IGF-1 pathway acts to regulate 
longevity, diapause, reproduction and stress resistance, we used RNAi (RNA interference), 
which decreases mRNA levels (7), to decrease daf'2 and daf-lS activity at different times 
during the life cycle. RT-PCR analysis confirmed that feeding animals bacteria expressing 
daf'2 or daf'16 dsRNA decreased mRNA levels (Fig. 1) (5). We found that culturing wild- 
type animals on bacteria expressing daf-2 dsRNA from the time of hatching produced Daf-2(- 
) phenotypes similar to those produced by partial loss-of-function dqf'2 mutations (P-72). At 
20"" the animals grew to adulthood and became long-Uved, stress-resistant adults with nomial 
brood sizes but protracted reproductive schedules (Fig. 2A; Tables 1 and 2) (8). High 
temperature is known to induce some dauer formation in wild type (13). Our daf-2 RNAi 
treatment increased the frequency of dauer formation at high temperatures [27°C; 45%.dauers 
(n = 72) vs. 10% dauers (n = 81) for control animals] (8). Strong daf'2 mutations delay 
growth to adulthood, and cause uncoordinated movement and some embryonic lethality (9, 
14, 1 5), We did not observe these phenotypes (not shown), suggesting that they result from 
greater reduction of daf2 activity. Conversely, feeding daf'2 (1370) mutants bacteria 
expressing daf'16 dsRNA completely suppressed their delayed development (7d), longevity 
and reproductive phenotypes (Fig. 3 A). This daf2 mutation is temperature sensitive. At 
25.5°, the animals become dauers; this phenotype was partially suppressed by daf- 16 RNAi 
(77). 

[0163] To ask when daf-2 influences adult longevity, we shifted wild-type animals to 
bacteria expressing daf-2 dsRNA at different ages and determined their Ufespans. We found 
that initiating daf-2 RNAi treatment in young adults extended lifespan to the same extent as 
did initiating RNAi at hatching (Fig. 2A vs. 2G, P=0.38, Table 1). Thus daf'2 is required 
during adulthood to regulate adult lifespan. 

[0164] To detemiine whether daf'2 could also ftmction during development to influence 
adult Ufespan, we lowered insulin/IGF- 1 signaling specifically during development First, we 
initiated daf'2 RNAi during development and then attempted to turn off the RNAi process 
during adulthood (5). We reasoned that if animals were exposed to dsRNA of a gene 
required for RNAi to fimction, such as dcr-1 (dicer) {18), then RNAi activity should remain 
low. To this end, we shifted animals exposed to daf2 RNAi at hatching onto bacteria 
expressing dcr-l dsRNA when they reached adulthood. These animals did not have long 
Ufespans (Fig. 4, Table 1). 
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[0165] We also turned off the efiFects of a daf'2 mutation at different stages by shifting daf- 
2(el370) mutants to bactma expressing daf'16 dsRNA. We found that initiating daf-M 
RNAi treatment during young adulthood completely suppressed the long lifespans oidaf- 
2(el370) mutants (Fig. 3A vs. 3G, p=0.19. Table 1). Thus the presence of DAF.16 activity 
during development was irrelevant. Therefore, the insulin/IGF- 1 pathway appears to operate 
exclusively during adulthood to influence adult lifespan. 

[0166] We found that initiating daf'2 RNAi treatment later in adulthood, throughout the 
reproductive period, also extended lifespan (Fig. 2, G-J, Table 1). The magnitude of fliis 
extension declined steadily, and became insignificant after about 6 days of adulthood (Fig. 
2M, and Table 1), though there was a sharp decline in daf-2 mRNA at this time (Fig. 1 A). 
Treating daf'2(el370) mutants wifli daf-16 RNAi during the reproductive period also 
extended hfespan (Fig. 3, H-L, Table 1). Again, the magnitude of the effect declined with 
age, although we continued to observe effects on lifespan until about day 15 of adulthood 
(Fig. 3, M-P, Table 1). In these experiments, daf'2 and daf'16 appeared to function for 
different durations during adulthood; however, wild-type animals (used in the daf'2 RNAi 
experiments) age more quickly than daf'2 mutants (used in the daf'16 RNAi experiments). 
In fact, as assayed by tissue morphology, day 6 wild-type animals are approximately the same 
age as day 15 daf'2(el370) mutants {19). Thus, both genes may function at the same time, 
throughout the reproductive period, to influence aging. We note that the pathway could 
conceivably function later as well (if, for example, the rate of protein tumover falls in old 
animals). 

[0167] We next investigated when daf-2 and daf'16 RNAi could affect the timing of 
reproduction. Surprisingly, treating adults with daf'2 RNAi had no effect on reproduction 
(Fig. 2, F-J, and Table 1). Likewise, treating daf'2 mutants with daf'16 RNAi during 
adulthood failed to suppress the daf'2 reproductive phenotype (Fig. 3, G-L, and Table 1). In 
contrast, initiating either RNAi treatment at hatching did affect the timing of reproduction 
(Fig. 2A and Fig, 3A). Thus daf'2 spears to control reproduction and longevity 
independently from one another. 

[0168] To detemiine when daf2 and daf-M might function in reproduction, we subjected 
the animals to RNAi dming development. We found that initiating daf'2 RNAi treatment of 
wild-type animals at any time before the last larval stage, L4, delayed reproduction (Fig. 2, 
A-D), and that initiating daf'16 RNAi treatment of daf'2(el 370) mutants at any time before 



49 



wo 2004/029215 



PCT/US2003/030531 



L4 restored normal reproductive timing (Fig. 3, A-E). Treatment during or after L4 did not 
afifect reproduction (Fig. 2, E-J and Fig. 3, F-L). These findings show that reproductive 
timing can be specified independently of the dauer decision (which occurs prior to L3) (75), 
and they suggest that the dafl pathway may function late in development to afifect the timing 
of reproduction. However, we cannot mle out the possibiUty that the DAF-2 pathway 
controls reproduction during adulthood, but that initiating RNAi during or after L4 does not 
lower signaUng activity below threshold until after DAF-2 and DAF-16 have completed their 
roles in reproduction. This seems less likely, because message levels fall sharply within 48 
hours of RNAi treatment (Fig. 1), whereas reproduction continues for many days. 

[0169] The DAF-2 pathway also regulates stress resistance {9-11, 20), Because daf'2 
larvae (21), and dauers (75), are stress resistant, daf-2 must regulate stress resistance in the 
larvae. We found that animals treated with daf'2 dsRNA as adults were resistant to the 
oxidative-damaging agent paraquat (Table 2). Thus, daf'2 also acts in the adult to regulate 
stress resistance. Since the DAF-2 pathway regulates lifespan during adulthood as well, this 
finding supports the hypothesis that increased resistance to oxidative stress contributes to 
longevity (9-11, 20), Consistent with this, overexpression of the antioxidant superoxide 
dismutase gene during adulthood can extend the lifespan of Drosophila (22, 23), as can 
administering the antioxidant Eukl34 to adult worms (24). 

[0170] In summary, in this study, we used RNAi to reduce daf'2 and dafl6 activity at 
specific times during the life cycle. As with any conditional expression system, we cannot be 
certain when any residual daf''2 or dafl6 activity, not removed by RNAi, might fimction. 
However, the fact that e/a/^7d RNAi completely suppressed the strong longevity and 
reproductive phenotypes of the daf'2(el370) mutant suggests that the level of residual 
pathway activity is likely to be minimal, as does the fact that inferences fi-om reciprocal daf2 
and daf-16 RNAi experiments were always in agreement. 

[0171] Our findings suggest that the DAF-2 pathway fimctions exclusively during 
adulthood, throughout the reproductive period, to influence adult lifespan. This suggests that 
the pathway controls downstream gene expression in an ongoing fashion through much of 
adulthood. Because the dauer is a juvenile form (25), the DAF-2 pathway must act in 
separate regulatory events to control dauer formation and adult lifespan. Previously we 
proposed that daf'2 regulates a longevity process that determines the lifespan of adults but 
that can also be expressed in conjunction with dauer-specific traits to give dauers their long 
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lifespans (72 ). It will be interesting to leam whether flie pathway regulates the same genes at 
two different life stages to influence the lifespans of adults and dauers. 

[0172] Our findings indicate that the DAF-2 pathway participates in multiple, indqjendent 
regulatory events to influence aging, reproduction and diapause. In this regard, the pathway 
5 is similar to many growth factor signaling pathways (such as the EGF or TGF-beta 

pathways), which regulate different aspects of cell growth and dififerentiation independently 
of one another. The pleiotropy of insulin/IGF- 1 pathway mutations in many organisms, 
particularly the linkage with diapause-like states, has raised the possibiUty that longevity 
achieved through this pathway would invariably be associated with impaired growth or 
1 0 reproduction, histead, our findings suggest ttiat, in oth&i organisms as well, it may be 

possible to manipulate insulin/IGF-1 signaling during adulthood so as to extend youthfiilness 
and lifespan without affecting either of these processes. 



Table 1. Effects of daf-2 RNAi and da/-] 6 RNAi on lifespan and brood size. 
Mean 



Treatment 



Lifespan 
± s.e.m. 
(days) 



75th 
Percentile* 
(days) 



Average 
Brood Size 
dbSD 



(Total #Animals 
Died/Total)§ 



Egg 



35.5 ± 1.9 



<0.0001 t 



48 



LI 



35.4 ±2.6 



<0.0001 t 



52 



L2 



36.2 ±2.3 



<0.0001 t 



48 



L3 



34.6 ± 1.9 



<0.0001 t 



48 



339 ±41 



354 ± 42 



373 ± 43 



380 ±44 



61/81 



33/52 



41/48 



52/74 



L4 



35.3 ± 1.9 



<0.0001 t 



48 



Pre-Fertile Adult 



29.1 ± 1.3 



<0.0001 t 



31 



340 ±47 



344 ±46 



56/71 



56/71 



Day 1 Adult 



34.3 ± 2.0 



<0.0001 t 



45 



Day 2 Adult 



29.9 ±2.3 



Day 3 Adult 



26.6 ± 1.8 



<0.0001 t 



41 



Day 4 Adult 



26.9 ± 1.8 



0.0006 t 



35 



0.0001 t 



33 



386 ±88 



361 ± 53 



341 ± 50 



354 ± 53 



40/53 



36/37 



42/52 



33/39 



Day 5 Adult 



23.7 ± 1.0 



0.0051 t 



28 



N.D. 



27/35 



Day 6 Adult 



22.3 ± 1.4 



0.0072 t 



28 



N.D. 



35/44 



Day 8 Adult 



19.0 ±0.8 



0.5719 t 



22 



N.D. 



49/53 



Vector(control) 



19.7 ± 0.8 



22 



371 ± 57 



46/53 



daf-2(el370) 
shifted to 
</a/-i(? RNAi as; 



Egg (a) 



17.9 ±0.6 



<0.0001 0 



21 



Egg (3) 



19.1 ± 0.8 



<0.0001¥ 



25 



269 ± 39 



N.D. 



35/39 



32/47 



LI 



17.8 ± 0.4 



<0.0001 0 
0.8509 



21 



262 ± 37 



74/86 
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L2 


17.8 ±0.4 


<0.0001 0 
0.7903 


21 


295 ± 35 


6im 


L2/L2d 


17.1 ± 0.3 


<0.0001 0 
0.8995 


20 


312 ±42 


67/72 


L2d/L3 


17.2 ±0.5 


<0.0001 0 
0.5973 


20 


315 ±43 


67/69 


L4 


18.6 ±0.4 


<0.0001 0 
0.1954 


22 


318 ±41 


67/80 


Pre-Fertile Adult 


20.3 ± 0.4 


<0.0001 0 
0.0006 


22 


310 ±29 


i\m 


Day 1 Adult 


22.2 ± 0.5 


<0.0001 0 
<0.0001 


25 


278 ± 26 


62/67 


Day 2 Adult 


20.7 ±0.5 


<o.oooi 0 

0.0005 


25 


270 ±23 


73/76 


Day 3 Adult 


21.9 ±0.5 


<0.0001 0 
<0.0001 


25 


253 ± 20 


75/85 


Day 4 Adult 


24.3 ± 0.6 


<o.oooi 0 

O.OOOl 


27 


271 ± 20 


76/83 


Day 5 Adult 


25.6 ± 1.0 


<0.0001 0 
<0.0001 


29 


255 ± 20 


47/63 


Day 6 Adult 


24.2 ± 0.7 


<o.oooi 0 

<0.0001 


28 


N.D. 


69/73 


Day 7 Adult 


24.5 ± 0.7 


<o.oooi 0 

<0.0001 


27 


N.D. 


67/85 




9S 0 4- 1 n 


<0.0001 
<0.0001y 




XT T\ 

N.D. 


44/51 


T>o\r 1 < AHllIf 


jj.y ± i.o 


«r-n Ann lit 

<0.0001 
<0.0001y 


3o 


XT 

N.D. 


Af\ 1 A^ 

40/47 


Tia\r1'\ Adiilt 




<0.0001 
0.095 ly 




XT 


39/55 


Flaw '^0 AHiilt 




<n 0001 
0 4830v 




XT "r\ 

N.D. 


45/56 


Day 40 Adult 


49.6 ± 2.7 


0 4305¥ 
<0.0001 
0.3095y 


56 






Vector (a) 


41.2± 1.7 


<0.0001 


50 


263 ±21 


59/74 


Vector (3) 


47.3 ± 2.5 


<0.0001 


59 


N.D. 


43/57 














Repression of 
daf-2 RNAi by 
dcr-1 dsRNA: 
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N2 grown on 
RNAi bacteria 
during 
development, then 
shifted to dcr-l 
RNAi bacteria 


12.5 ± 0.5 




l*r 


XT Tfc 


54/o0 


N2 erown on daf- 
2 RNAi bacteria 

during 
development, then 
shifted to dcr-J 
RNAi bacteria 


12 7 ±0 ft 


0.041732 


1 7 
1 / 


XT 

JN.D. 


45/50 


N2 grown on daf- 
2 RNAi bacteria 

during 
development and 
adulthood 


28.8 ± Ll 


<0.0001 » 


33 


N.D. 


50/50 



[0173] * The 75**! percentile is the age when the fi^action of animals alive reaches 0.25. 



[0174] t P values were calculated for individual experim^ts, each consisting of control 
and experimental animals examined at the same time. 

[0175] § The total number of observations equals the number of animals that died plus the 
number censored. Animals that crawled off the plate, exploded or bagged were censored at 
the time of the event. Control and experimental animals were cultured in parallel and 
transferred to fresh plates at the same time. The logrank (Mantel-Cox) test was for statistical 
analysis. 

[0176] Average brood size was calculated from the total brood size of at least 15 animals 
cultured independently in each trial. 

[0177] t Compared with N2 worms grown on HTl 15 bacteria harboring the RNAi plasmid 
vector at 20^C. 

[01 78] Compared to daf2(el3 70) mutant worms cultured continuously on HTl 1 5 bacteria 
harboring the daf-lS RNAi plasmid Egg (a), at 20 ^C, which were analyzed at the same time. 

[01 79] Compared to daf-2(el3 70) mutant worms cultured continuously on HTl 1 5 bacteria 
harboring the daf 16 RNAi plasmid, Egg (P), at 20OC, which were analyzed at the same time. 
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[0180] 0 Compared to daf-2(el370) mutant wonns cultured continuously on HTl 1 5 

bacteria harboring the RNAi plasmid. Vector (a), at 20°C, which were analyzed at the same 
time. 

[01811 * Animals containing vector only (p), at 20OC, which were analyzed at the same 
5 time, were compared to daf-2(el370) mutant worms cultured continuously on HTl 15 bacteria 
harboring the RNAi plasmid. 

(01 82] value after resetting Tq of lifespans to time at which RNAi treatment was 
initiated. For uastance; Tq was set to 10 for assays in which the experimental population was 
treated with RNAi at day 10. Animals containing vector only (P), at 20OC, were compared to 
10 daf-2(el370) mutant worms cultured continuously on HTl 15 bacteria haiboring the RNAi 
plasmid. 

[0183] s Compared with N2 worms grown on HTl 15 bacteria harboring the RNAi 
plasmid vector during development, then shifted to bacteria e3q)ressing dcr-1 dsRNA at 
250C. 



15 Table 2. Effect of fimction on stress resistance. 





1 hoiu* 


2 hours 


% Alive in 0.4M paraquat after: 

3 hours 4 hours' 5 hours 


6 hours 


Control (RNAi 


*52 


48 


32 


20 


4 


0 


vector bacteria) 


#56 


50 


34 


22 


12 


4 


f/a/-2RNAi 


*78 


76 


74 


47 


44 


41 


initiated at 


#87 


83 


70 


52 


40 


38 


hatching 












^/a/-2RNAi 


*94 


94 


72 


56 


53 


50 


initiated as day-1 


#90 


85 


70 


58 


44 


34 


adult 













The results of two independent trials are shown (n y 25 trial 1, n y 40 trial 2). 
20 *Trial 1 is the first row of numbers. 
# Trial 2 is the second row of numbers. 
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WHAT IS CLAIMED IS: 



1 LA method for inhibiting an RNAi response in a cell, the method 

2 comprising the step of contacting the cell with a dsRNA involved in the RNAi response, 

3 thereby inhibiting an RNAi response in a cell. 

1 2. The method of claim 1, wherein the dsRNA is a dcr-1 dsRNA. 

1 3. The method of claim 1, wherein the dsRNA is a rde-l dsRNA, an 

2 smg-5 dsRNA, an ego-1 ds RNA, or a rde-4 ds RNA. 

1 4. The method of claim 1 , wherein inhibiting the RNAi response in a 

2 cell modulates an age-associated parameter. 

1 5. The method of claim 1 , wherein inhibiting the RNAi response 

2 modulates the expression of a lifespan associated gene selected from the group consisting 

3 of a cellular stress-response gene, an antimicrobial gene, a metabolic gene, a steroid or 

4 lipid-soluble hormone synthesis gene, a fatty acid desaturation gene or a homolog or 

5 ortholog thereof. 

1 6. The method of claim 1, wherein inhibiting the RNAi response 

2 modulates the expression of a lifespan associated gene selected from the group consisting 

3 of cytochrome P450, an estradiol- 1 7-j8-dehydrogenase, a alcohol/short-chain 

4 dehydrogenase, an esterase, a UDP-glucuronosyltransferase, an aminopeptidase, a 

5 carboxypeptidase, an amino-oxidase, an aminoacylase, an oligopeptide transporter. 



6 metallothionein, a receptor guanylate cyclase, a mitochondrial superoxide dismutase, a 

7 catalase, lysosyme, saposin, vitellogenin, glutathione-S-transferase, heat-shock protein, 

8 heat shock factor, an F-box/cuUin/Skp protein, an isocitrate lyase, a malate synthase 

9 ASMTL, insulin, IFGl or IFG2 or a homolog or ortholog thereof 

1 7- The method of claim 2, wherein the dcr- 1 is human dcr- 1 . 

1 8, The method of claim 2, wherein the dcr-1 is C. elegans dcr-L 

1 9. The method of claim 4, wherein the age-associated parameter is 

2 lifespan. 
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1 10. The method of claim 4, wherein the modulation is inhibition of 

2 aging. 

1 11. The method of claim 5, wherein the homolog or ortholog is a 

2 himian homolog or ortholog. 

1 12. The method of claim 6, wherein the homolog or ortholog is a 

2 hmnan homolog or ortholog. 

1 13. A method for inhibiting an RNAi response in a subject, the method 

2 comprising the step of administering a dsRNA involved in the RNAi response to the 

3 subject, thereby inhibiting an RNAi response in a cell. 

1 14. The method of claim 13, wherein the dsRNA is a dcr-1 dsRNA. 

1 15. The method of claim 13, wherein inhibiting the RNAi response in a 

2 cell modulates an age-associated parameter. 

1 16. The method of claim 13, wherein inhibiting the RNAi response 

2 modulates the expression of a lifespan associated gene selected from the group consisting 

3 of a cellular stress-response gene, an antimicrobial gene, a metabolic gene, a steroid or 

4 lipid-soluble hormone synthesis gene, a fatty acid desaturation gene, or a homolog or 

5 ortholog thereof. 

1 17. The method of claim 1 3, wherein inhibiting the RNAi response 

2 modulates the expression of a lifespan associated gene selected from the group consisting 

3 of a cytochrome P450, an estradioH7-j8-dehydrogenase, a alcohol/short-chain 

4 dehydrogenase, an esterase, a UDP-glucuronosyltransferase, an aminopeptidase, a 

5 carboxypeptidase, an amino-oxidase, an aminoacylase, an oligopeptide transporter, 

6 metallothionein, a receptor guanylate cyclase, a mitochondrial superoxide dismutase, a 

7 catalase, lysosyme, sq)osin, vitellogenin, glutathione-S-transferase, heat-shock protein, 

8 heat shock factor, an F-box/cullin/Skp protein, an isocitrate lyase, a malate synthase 

9 ASMTL, insulin, IFGl, IFG2 or a homolog or ortholog thereof. 

1 18. The method of claim 13, wherein the subject is mammals 

1 19. The method of claim 14, wherein the dcr-1 is human dcr-1 . 
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1 20. The method of claim 14, wherein the dcr-l is C. elegans dcr-l . 

1 21. The method of claim 15, wherein the age-associated parameter is 

2 lifespan. 

1 22, The method of claim 1 5, wherein the modulation is inhibition of 

2 aging. 

1 23. The method of claim 1 6, wherein the homolog or ortholog is a 

2 hmnan homolog or ortholog. 

1 24. The method of claim 1 7, wherein the homolog or ortholog is a 

2 human homolog or ortholog. 

1 25. The method of claim 1 8, wherein the mammal is an adult. 

1 26. The method of claim 1 8, wherein the mammal is a non-diabetic, 

2 non-obese adult. 

1 27. The method of claim 18, wherein the mammal is not at risk for or 

2 does not have a premature aging disorder. 

1 28 . The method of claim 25, wherein the mammal is a healthy adult. 

1 29. A method of increasing lifespan or treating premature aging in a 

2 subject, the method comprising the step of administering a dsRNA involved in the RNAi 

3 response to the subject, thereby inhibiting an RNAi response in a cell. 

1 30, The method of claim 29, wherein the dsRNA is a dcr- 1 dsRNA. 

1 31, The method of claim 29, wherein inhibiting the RNAi response 

2 modulates the expression of a cellular stress-response gene, an antimicrobial gene, a 

3 metabolic gene, a steroid or lipid-soluble hormone synthesis gene, a fatty acid 

4 desaturation gene, or a homolog or ortholog thereof 

1 32. The method of claim 29, wherein inhibiting the RNAi response 

2 modulates the expression of a cytochrome P450, an estradiol- 1 7-/3-dehydrogenase, a 

3 alcohol/short-chain dehydrogenase, an esterase, a UDP-glucuronosyltransferase, an 
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4 aminopeptidase, a carboxypeptidase, an amino-oxidase, an aminoacylase, an oligopeptide 

5 transporter, metallotfaionein, a receptor guanylate cyclase, a mitochondrial superoxide 

6 dismutase, a catalase, lysosyme, saposin, vitellogenin, glutathione-S-transferase, heat- 

7 shock protein, heat shock factor, an F-box/cullin/Skp protein, an isocitrate lyase, a malate 

8 synthase ASMTL, insuUn, IFGl, IFG2 or a homolog or ortholog thereof. 

1 33, The method of claim 29, wherein the subject is mammal. 

1 34. The method of claim 29, wherein the subject has an abnormal 

2 aging disorder. 

1 35. The method of claim 30, wherein the dcr-1 is human dcr-l . 

1 36. The method of claim 30, wherein the dcr-1 is C elegaiis dcr-1. 

1 37. The method of claim 3 1 , wherein the homolog or ortholog is a 

2 himian homolog or ortholog. 

1 38. The method of claim 32, wherein the homolog or ortholog is a 

2 human homolog or ortholog. 

1 39. The method of claim 33, wherein the mammal is an adult. 

1 40. The method of claim 33, wherein the mammal is a non-diabetic, 

2 non-obese adult. 

1 41. The method of claim 33, wherein the mammal is not at risk for or 

2 does not have a premature aging disorder. 

1 42. The method of claim 40, wherein the mammal is a healthy adult. 

1 43. The method of claim 34, wherein the abnormal aging disorder is 

2 selected from Werner syndrome, Hutchinson-Guilford disease. Bloom's syndrome, 

3 Cockayne's syndrome, ataxia telangiectasia, and Down's syndrome. 

1 44. A method of altering lifespan regulation in a subject, the method 

2 comprising the step of contacting the organism with a dsRNA involved in the RNAi 

3 response, thereby inhibiting an RNAi response in a cell. 
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45. The method of claim 44, wherein inhibiting the RNAi response 

inhibits aging. 

46. The method of claim 44, wherein the dsRNA is a dcr«l dsRNA. 

47. The method of claim 44, wherein inhibiting the RNAi response 
modulates the expression of a cellular stress-response gene, an antimicrobial gene, a 
metabolic gene, a steroid or lipid-soluble hormone synthesis gene, a fatty acid 
desaturation gene, or a homolog or ortholog thereof. 

48. The method of claim 44, wherein inhibiting the RNAi response 
modulates the expression of a cytochrome P450, an estradioH7-/S-dehydrogenase, a 
alcohol/short-chain dehydrogenase, an esterase, a UDP-glucuronosyltransferase, an 
aminopeptidase, a carboxypeptidase, an amino-oxidase, an aminoacylase, an oligopeptide 
transporter, metallothionein, a receptor guanylate cyclase, a mitochondrial superoxide 
dismutase, a catalase, lysosyme, saposin, vitellogenin, glutathione-S-transferase, heat- 
shock protein, heat shock factor, an F-box/cuUin/Skp protein, an isocitrate lyase, amalate 
synthase ASMTL, insulin, IFGl, IFG2 or a homolog or ortholog thereof 

49. The method of claim 44, wherein the subject is mammal. 
50 . The method of claim 46, wherein the dcr-1 is human dcr-1 . 

51. The method of claim 46, wherein the dcr-1 is C. elegans dcr-1. 

52. The method of claim 47, wherein the homolog or ortholog is a 
human homolog or ortholog. 

53. The method of claim 48, wherein the homolog or ortholog is a 
human homolog or ortholog. 

54. The method of claim 49, wherein the mammal is an adult. 

55. The method of claim 49, wherein the manmial is a non-diabetic, 
non-obese adult. 

56. The method of claim 49, wherein the mammal is not at risk for or 
does not have a premature aging disorder. 
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57. The method of claun 54, wherein the mammal is a healthy adult. 
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<160> 8 

<170> Patentin Ver, 2.1 

<210> 1 
<211> 5538 
<212> DNA 

<213> Caenorhabditis elegans 
<220> 

<223> ribonuclease III (RNase III) essential gene dcr-1, 
DiCer Related, LEThal let-740, K12H4 . 8 , CELK00334 
CDNA 

<220> 

<221> CDS 

<222> (1) . . (5538) 

<223> dcr-1 



<400> 1 

atggtcaggg 

ttggataaag 

ttcattgcag 

ggtggaaaac 

cacatcgaag 

ttatgggaca 

acagctcaat 

gttctgatct 

atggtcgatt 

gccagtctta 

gaatctgcga 

ggtgcgaaac 

attccgaatt 

acaacagaat 

aagacgacgc 

gtttgggaga 

cggtttttga 

atgaagaaaa 

cttttcgaaa 

aaagcagaac 

cttcttatga 

tacgtcgttg 

cgacaaactg 

tcagtgcttg 



taagagctga 
cgacaaaaaa 
ttctactgct 
gagcgttttt 
ttcacacaag 
gcaaagaaca 
gccttcttga 
ttgacgaatg 
ataagttatt 
tcaaagcgaa 
tggacagtgt 
cctatgaagt 
tcgacacagt 
ttcatccaga 
gagctgtttt 
aagagttggg 
atatggcaaa 
tcaaaagtat 
tcctagaaac 
atttatcagc 
tgcgtcatat 
gagccagcgg 
aagttcttcg 
aagaaggtgt 



tttacaatgt 
gaacacaatc 
gaaagaatat 
tgttgtagag 
tttcaaagtt 
atgtgatcag 
tttgattcga 
tcatcatgct 
gaaaaaggac 
agttgcgccg 
tatagagaca 
tgtgatcatc 
tatagaaata 
tctagatttg 
tcgtcaactg 
aaaaattata 
aacatctatg 
tgaagctctc 
tttcaacccc 
cattattttt 
taaatcatgg 
acgaaatttg 
ccgtttccat 
agatgttaaa 



tttaacccca 
gtccaactag 
ggagttcaat 
aaagtaaacc 
ggtcaggtcc 
ttcatgaaga 
catgcgtact 
ctcggttctc 
aaacccgtcc 
gaaaaactaa 
gctagtgatt 
tgcaaagact 
tttgatgaaa 
gatcctcgta 
ggaccttggg 
aaatctcaag 
attacgatta 
cgtccatatg 
gaatttcaaa 
gtcgatcaac 
gagcctaagt 
gcgagttcgg 
cgaaatgaaa 
caatgtaatc 



gggactacca 
gcactggttc 
tgtttgcacc 
tcgttgaaca 
acggacagac 
ggcaccatgt 
tgaaaattga 
aacatccata 
cacgtgtatt 
tggaacagtt 
tagtctcgct 
ttgaaattgg 
ctgtagcctt 
gaccgattaa 
cggcatggcg 
tgctaccgga 
aaagattgtt 
ttcctcaacg 
aagaacgaat 
ggtacattgc 
tcaagtttgt 
atagtcaagg 
tcaattgtct 
ttgtgattaa 



ggtggaactt 
aggaaaaact 
attggatcag 
acaagctatc 
aagtagtggt 
tgttgtgatc 
agacatgtgt 
cagaagcatc 
aggactcaca 
aaaaaagttg 
ctcg[aaatac 
gtgcctgggt 
tgtgaacacc 
agattctctc 
aacggctcaa 
taagacgttg 
ggaaccggag 
tgtcatacgt 
gaagttagaa 
atattcgtta 
gaacccggat 
attacataaa 
tatcgctaca 
atttgatcga 
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ccacttgaca tgagatcata cgttcagtca 
tatgttatca ctgttgagga gaaagatact 
atcttcactc gtcttgttcc acacaatcaa 
aaatactgtg cagagcttct tcttccaatt 
aaaaatccaa tgccaaataa gaagactgca 
caattacatt tagaaggaga actcgatgat 
gccaaattat tagaacatat tgatgaggag 
aaagttggat catcaaaacg aaagcaatta 
gaatccttcg tggaagcaga taaggaatgt 
cgggaagccg aacttacgtt gaacccgaaa 
gaatattgct tcggatttct gagcgcaaaa 
tttcttcgac aaggaaatat gaaagtccga 
accgctgctc agcttcaaga gattcaactg 
caaatgtgta aaacgggaaa tttggaattc 
ttgattgttc cacttaacaa gcgaaaagat 
gtatcggaag tagttgcaaa catggaaaat 
cgtcaataca aattcaacgc tgaagattat 
aatctggaac agcctgtatt ctactatgtt 
tcgaaattcc cggatacgca cttcgaaacg 
ttagagattt atgatcagaa tcaaagttta 
aaccttcttc aacctcgaat tcaaaatcaa 
tcaacgtcaa atattcctca agcatctgct 
ccacactctt cacaacgtca gatccttgta 
gcgactcttt ggaatgttat agcagccctg 
ttgttgactg atgaacttcg agaaacaatt 
aaactggatg ataatgttga atggaattct 
caaacgataa tcgttaagaa aattcaacaa 
gatcaagaaa gagagacgag agaaaatgat 
attggagttt gggatccaga agaggcagtc 
gatagaatgg acggtgaaga tcaggatact 
aatatatccg atgaagacga tgaactgccg 
acttctaaca gaaatggaat tggtgcatgg 
tggggagatt gggatggacc tgaaccagat 
ggaccaggtg gtttgaatgt gcaggcactg 
tctactgctt cgtcttccct ttctcaaact 
caattgacaa aagaagaaga acagtttaag 
aaagagcgac ttgaagctct agaaatgtca 
gatactgtga atttagaaga ttatggagat 
ccaacaaatt tcccgaaaac catagatgaa 
aaaaaacaag aaatagacga caatgcagct 
gaagttttgc cagttgctat aaatgaaaag 
aaagcaataa atggacgact tataagacaa 
tcagatattg gattaggagt atctccatgt 
gctgcagatg gaatgtcatt agagagattc 
gctactaccg attatctcta tcacacgttg 
gcacgtagta aagaagtttc aaattgcaat 
cctcaattga ttgttgcaaa taaattcgat 
attccaactt gcgacttcaa agctcctaac 
attgaacgaa ttttggatgg acaagtgatt 
gacattggtg gtgatgtctc gaaaagcact 
aagcaagccc gtgttggtaa tgatgatatc 
cagcatattt cggataaatc aatcgctgac 
ctgacgttgg gacctaatcc aacgctgaag 
caaaaagatc agaagagtga cgtaccttca 
aatccgaatg cttctctaaa tttcttgaac 
ttggaagaga aaattggata tcgcttcaag 
catgcttcgt acatcaataa tcgtgtcaca 
gacgctgttc tcgactatat gatcaccaga 
ccgggtgttc tcactgattt acgatcagct 
gcagtgaaat tcgagtttca aaagcacttc 
attgagaaat ttgttaagct gtgctcggag 



aagggaagag ctcggcgagc tggatcaaga 1500 
gcggcatatt gttcgaagct tccttccgat 1560 
atcattccaa ttgaagagaa tggagtgacc 162 0 
aactcaccga tcaaacatgc aattgtgctc 1680 
cagatggcag ttgcacttga agcatgtcga 174 0 
aatttacttc caaaaggaag agagtcgatt 1800 
ccggatgagt atgcacctgg aattgctgct 1860 
tatgacaaaa agattgctcg tgctctcaat 1920 
ttcatctatg cattcgaatt ggaacgtttc 1980 
agacgaaagt ttgaagatcc atttaattat 2 040 
gagataccaa agatcccacc attcccagtg 2100 
ttgattgtcg caccgaaaaa gactaccgta 2160 
ttccataatt atttgttcac acaagttctt 2220 
gatggaacat caaatgcacc attgaacacg 2280 
gatatgtcct acacaatcaa catgaaatat 2 34 0 
atgccacgta ttccaaaaga tgaagttcgt 2400 
aaggatgcga tcgtaatgcc gtggtatcga 24 60 
gctgaaattc taccagaatg gaggccgtcg 2520 
tttaacgagt atttcatcaa gaaatataaa 2580 
ttggatgtag atttcacatc tactcgtctt 2 64 0 
ccacgtcgtt caagaactgt gagtaactcc 2 700 
tctgattcaa aagagtcgaa tacttccgtt 2760 
ccggaattga tggacattca tcctatctct 2820 
ccaagtattt tctatcgtgt taatcagtta 2880 
ttggtgaaag cttttggaaa agagaaaact 2 94 0 
ctggcatatg caaccgaata tgaagagaaa 3000 
ttgagagatt taaatcaaaa atcgattgaa 3060 
aagattgacg atggtgagga gttattcaat 3120 
agaattggtg tagaaattag ttcaagagat 3180 
gtaggactaa cacaaggact tcatgatggg 3240 
tttgtaatgc atgattacac agccaggctc 3300 
tcaggatctg agtctattgt tccaagcgga 3 360 
aatagtccca tgcctttcca aattctcggt 3420 
atggctgatg tcggaagagt ttttgatcca 3480 
gtacaagaat cgacagtttc acctccaaaa 354 0 
aaacttcaaa atgacttgct gaaacaagca 3600 
gaagatatgg agaaaccgcg aagattggag 3660 
gatcaagaaa atcaagagga tgagaataca 3720 
gaaattgaag agttgtcaat tggagcccgg 3780 
aaaactgatg tactcgaaag ggaaaactgt 3840 
tctcgttcat tctcttttga aaaagaaagt 3900 
cgatcagagg aatacgtgtc acatattgat 3 96 0 
cttttgttaa ctgctcttac tacttccaat 4020 
gaaacaatcg gagactcttt cttgaagttt 4080 
cttgatcaac atgaaggaaa attgtcgttt 4140 
ttgtatcgac tgggcaagaa attgggaata 42 00 
gctcacgatt cttggctgcc accatgctat 4260 
actgatgatg cagaagagaa agataatgaa 432 0 
gaagagaaac ctgaaaataa aactggatgg 4 3 80 
accgatggaa tagagactat tacattccca 4440 
tctccacttc cttacaactt gctcacccaa 4500 
gcagtcgaag ctttgatcgg agtacatttg 4560 
gtgatgaatt ggatgggact gaaagtaatt 462 0 
cctcttctac gattcattga cactccgacc 4680 
aatttgtggc agcaattcca gtttacacaa 4740 
gaacgtgctt atcttgttca agctttcaca 4800 
ggatgctatc aaagattaga attcctcgga 4 860 
tatttgtttg aagattctcg tcaatacagt 4 920 
ctcgtcaata atacaatttt cgcgtcgtta 4 980 
atcgctatgt gcccagggct ttatcacatg 5040 
cgcaatttcg atactaattt caatgctgag 5100 
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atgtatatgg tgactactga ggaagaaata 
ccaaaagcga tgggtgacat atttgaatca 
cgtaatttgg ataccacttg gcaagtgatt 
tgctgtgcga acccaccaag atcaccgatt 
gttcgattca gtaaaatgga acgaattctc 
gttgttaata acatgagatt cactggaatg 
gctgcgaaaa gagctttgaa atacctccat 
tcattaacaa ctgtttaa 



gatgaaggcc aagaagagga tattgaagtt 5160 
gtagctggcg ccatttatct cgactctgga 5220 
ttccacatga tgcgcgggac tattgaattg 5280 
cgagagctta tggagttcga gcagagcaaa 534 0 
gagagtggaa aagttcgagt tacagtcgag 54 00 
ggaaggaact atcgaatcgc gaaagctact 5460 
caaattgagc agcaaagaag acaaagccca 552 0 

5538 



<210> 2 

<211> 1845 

<212> PRT 

<213> Caenorhabditis elegans 
<220> 

<223> ribonuclease III (RNase III) essential gene dcr-1, 
DiCer Related, LEThal let-740, K12H4.8, CELK00334 

<400> 2 

Met Val Arg Val Arg Ala Asp Leu Gin Cys Phe Asn Pro Arg Asp Tyr 
15 10 15 

Gin Val Glu Leu Leu Asp Lys Ala Thr Lys Lys Asn Thr lie Val Gin 
20 25 30 

Leu Gly Thr Gly Ser Gly Lys Thr Phe lie Ala Val Leu Leu Leu Lys 
35 40 45 

Glu Tyr Gly Val Gin Leu Phe Ala Pro Leu Asp Gin Gly Gly Lys Arg 
50 55 60 

Ala Phe Phe Val Val Glu Lys Val Asn Leu Val Glu Gin Gin Ala lie 
65 70 75 80 

His lie Glu Val His Thr Ser Phe Lys Val Gly Gin Val His Gly Gin 
85 90 95 

Thr Ser Ser Gly Leu Trp Asp Ser Lys Glu Gin Cys Asp Gin Phe Met 
100 105 110 

Lys Arg His His Val Val Val lie Thr Ala Gin Cys Leu Leu Asp Leu 
115 120 125 

lie Arg His Ala Tyr Leu Lys lie Glu Asp Met Cys Val Leu lie Phe 
130 135 140 

Asp Glu Cys His His Ala Leu Gly Ser Gin His Pro Tyr Arg Ser lie 
145 150 155 160 

Met Val Asp Tyr Lys Leu Leu Lys Lys Asp Lys Pro Val Pro Arg Val 
165 170 175 

Leu Gly Leu Thr Ala Ser Leu lie Lys Ala Lys Val Ala Pro Glu Lys 
180 185 190 

Leu Met Glu Gin Leu Lys Lys Leu Glu Ser Ala Met Asp Ser Val lie 
195 200 205 

Glu Thr Ala Ser Asp Leu Val Ser Leu Ser Lys Tyr Gly Ala Lys Pro 
210 215 220 
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Tyr Glu Val Val 
225 

lie Pro Asn Phe 



Phe Val Asn Thr 
260 

Arg Arg Pro lie 
275 

Gin Leu Gly Pro 
290 

Glu Leu Gly Lys 
305 

Arg Phe Leu Asn 



Leu Glu Pro Glu 
340 

Tyr Val Pro Gin 
355 

Asn Pro Glu Phe 
370 

Leu Ser Ala lie 
385 

Leu Leu Met Met 



Val Asn Pro Asp 
420 

Ser Asp Ser Gin 
435 

Phe His Arg Asn 
450 

Glu Gly Val Asp 
465 

Pro Leu Asp Met 



Ala Gly Ser Arg 
500 

Tyr Cys Ser Lys 
515 

Asn Gin lie lie 
530 



lie lie Cys Lys 
230 

Asp Thr Val lie 
245 

Thr Thr Glu Phe 



Lys Asp Ser Leu 
280 

Trp Ala Ala Trp 
295 

lie lie Lys Ser 
310 

Met Ala Lys Thr 
325 

Met Lys Lys lie 



Arg Val lie Arg 
360 

Gin Lys Glu Arg 
375 

lie Phe Val Asp 
390 

Arg His lie Lys 
405 

Tyr Val Val Gly 



Gly Leu His Lys 
440 

Glu lie Asn Cys 
455 

Val Lys Gin Cys 
470 

Arg Ser Tyr Val 
485 

Tyr Val lie Thr 



Leu Pro Ser Asp 

520 

Pro lie Glu Glu 
535 



Asp Phe Glu lie 
235 

Glu lie Phe Asp 
250 

His Pro Asp Leu 
265 

Lys Thr Thr Arg 



Arg Thr Ala Gin 
300 

Gin Val Leu Pro 
315 

Ser Met lie Thr 
330 

Lys Ser lie Glu 
345 

Leu Phe Glu lie 



Met Lys Leu Glu 

380 

Gin Arg Tyr lie 
395 

Ser Trp Glu Pro 
410 

Ala Ser Gly Arg 
425 

Arg Gin Thr Glu 



Leu lie Ala Thr 
460 

Asn Leu Val lie 
475 

Gin Ser Lys Gly 
490 

Val Glu Glu Lys 
505 

lie Phe Thr Arg 



Asn Gly Val Thr 
540 



Gly Cys Leu Gly 
240 

Glu Thr Val Ala 
255 

Asp Leu Asp Pro 
270 

Ala Val Phe Arg 
285 

Val Trp Glu Lys 



Asp Lys Thr Leu 
320 

lie Lys Arg Leu 
335 

Ala Leu Arg Pro 
350 

Leu Glu Thr Phe 
365 

Lys Ala Glu His 



Ala Tyr Ser Leu 
400 

Lys Phe Lys Phe 
415 

Asn Leu Ala Ser 
430 

Val Leu Arg Arg 
445 

Ser Val Leu Glu 



Lys Phe Asp Arg 
480 

Arg Ala Arg Arg 
495 

Asp Thr Ala Ala 
510 

Leu Val Pro His 
525 

Lys Tyr Cys Ala 
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Glu Leu Leu Leu 
545 

Lys Asn Pro Met 



Glu Ala Cys Arg 
580 

Leu Pro Lys Gly 
595 

Glu Glu Pro Asp 
610 

Ser Lys Arg Lys 
625 

Glu Ser Phe Val 



Leu Glu Arg Phe 
660 

Lys Phe Glu Asp 
675 

Ala Lys Glu lie 

690 

Gly Asn Met Lys 
705 

Thr Ala Ala Gin 



Thr Gin Val Leu 
740 

Thr Ser Asn Ala 
755 

Lys Asp Asp Met 
770 

Val Ala Asn Met 
785 

Arg Gin Tyr Lys 



Pro Trp Tyr Arg 
820 

lie Leu Pro Glu 

835 

Glu Thr Phe Asn 
850 



Pro lie Asn Ser 
550 

Pro Asn Lys Lys 
565 

Gin Leu His Leu 



Arg Glu Ser lie 
600 

Glu Tyr Ala Pro 
615 

Gin Leu Tyr Asp 
630 

Glu Ala Asp Lys 
645 

Arg Glu Ala Glu 



Pro Phe Asn Tyr 
680 

Pro Lys lie Pro 
695 

Val Arg Leu lie 
710 

Leu Gin Glu lie 
725 

Gin Met Cys Lys 



Pro Leu Asn Thr 

760 

Ser Tyr Thr lie 
775 

Glu Asn Met Pro 
790 

Phe Asn Ala Glu 
805 

Asn Leu Glu Gin 



Trp Arg Pro Ser 

840 

Glu Tyr Phe lie 
855 



Pro lie Lys His 
555 

Thr Ala Gin Met 
570 

Glu Gly Glu Leu 
585 

Ala Lys Leu Leu 



Gly lie Ala Ala 
620 

Lys Lys lie Ala 
635 

Glu Cys Phe lie 
650 

Leu Thr Leu Asn 
665 

Glu Tyr Cys Phe 



Pro Phe Pro Val 
700 

Val Ala Pro Lys 
715 

Gin Leu Phe His 
730 

Thr Gly Asn Leu 
745 

Leu lie Val Pro 



Asn Met Lys Tyr 
780 

Arg lie Pro Lys 
795 

Asp Tyr Lys Asp 
810 

Pro Val Phe Tyr 
825 

Ser Lys Phe Pro 



Lys Lys Tyr Lys 
860 



Ala lie Val Leu 
560 

Ala Val Ala Leu 
575 

Asp Asp Asn Leu 
590 

Glu His lie Asp 
605 

Lys Val Gly Ser 



Arg Ala Leu Asn 
640 

Tyr Ala Phe Glu 
655 

Pro Lys Arg Arg 
670 

Gly Phe Leu Ser 
685 

Phe Leu Arg Gin 



Lys Thr Thr Val 
720 

Asn Tyr Leu Phe 
735 

Glu Phe Asp Gly 
750 

Leu Asn Lys Arg 
765 

Val Ser Glu Val 



Asp Glu Val Arg 
800 

Ala lie Val Met 
815 

Tyr Val Ala Glu 
830 

Asp Thr His Phe 
845 

Leu Glu lie Tyr 
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Asp Gin Asn Gin Ser Leu Leu Asp Val Asp Phe Thr Ser Thr Arg Leu 
865 870 875 880 



Asn Leu Leu Gin Pro Arg lie Gin Asn Gin Pro Arg Arg Ser Arg Thr 
885 890 895 

Val Ser Asn Ser Ser Thr Ser Asn lie Pro Gin Ala Ser Ala Ser Asp 
900 905 910 

Ser Lys Glu Ser Asn Thr Ser Val Pro His Ser Ser Gin Arg Gin lie 
915 920 925 

Leu Val Pro Glu Leu Met Asp lie His Pro lie Ser Ala Thr Leu Trp 
930 935 940 

Asn Val lie Ala Ala Leu Pro Ser lie Phe Tyr Arg Val Asn Gin Leu 
945 950 955 960 

Leu Leu Thr Asp Glu Leu Arg Glu Thr lie Leu Val Lys Ala Phe Gly 
965 970 975 

Lys Glu Lys Thr Lys Leu Asp Asp Asn Val Glu Trp Asn Ser. Leu Ala 
980 985 990 

Tyr Ala Thr Glu Tyr Glu Glu Lys Gin Thr lie lie Val Lys Lys lie 
995 1000 1005 

Gin Gin Leu Arg Asp Leu Asn Gin Lys Ser lie Glu Asp Gin Glu Arg 
1010 1015 1020 

Glu Thr Arg Glu Asn Asp Lys lie Asp Asp Gly Glu Glu Leu Phe Asn 
1025 1030 1035 1040 

lie Gly Val Trp Asp Pro Glu Glu Ala Val Arg He Gly Val Glu He 
1045 1050 1055 

Ser Ser Arg Asp Asp Arg Met Asp Gly Glu Asp Gin Asp Thr Val Gly 
1060 1065 1070 

Leu Thr Gin Gly Leu His Asp Gly Asn lie Ser Asp Glu Asp Asp Glu 
1075 1080 1085 

Leu Pro Phe Val Met His Asp Tyr Thr Ala Arg Leu Thr Ser Asn Arg 
1090 1095 1100 

Asn Gly He Gly Ala Trp Ser Gly Ser Glu Ser He Val Pro Ser Gly 
1105 1110 1115 1120 

Trp Gly Asp Trp Asp Gly Pro Glu Pro Asp Asn Ser Pro Met Pro Phe 
1125 1130 1135 

Gin He Leu Gly Gly Pro Gly Gly Leu Asn Val Gin Ala Leu Met Ala 
1140 1145 1150 

Asp Val Gly Arg Val Phe Asp Pro Ser Thr Ala Ser Ser Ser Leu Ser 
1155 1160 1165 

Gin Thr Val Gin Glu Ser Thr Val Ser Pro Pro Lys Gin Leu Thr Lys 
1170 1175 1180 
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Glu Glu Glu Gin Phe Lys Lys Leu Gin Asn Asp Leu Leu Lys Gin Ala 
1185 1190 1195 1200 



Lys Glu Arg Leu Glu Ala Leu Glu Met Ser Glu Asp Met Glu Lys Pro 
1205 1210 1215 

Arg Arg Leu Glu Asp Thr Val Asn Leu Glu Asp Tyr Gly Asp Asp Gin 
1220 1225 1230 

Glu Asn Gin Glu Asp Glu Asn Thr Pro Thr Asn Phe Pro Lys Thr lie 
1235 1240 1245 

Asp Glu Glu lie Glu Glu Leu Ser lie Gly Ala Arg Lys Lys Gin Glu 
1250 1255 1260 

lie Asp Asp Asn Ala Ala Lys Thr Asp Val Leu Glu Arg Glu Asn Cys 
1265 1270 1275 1280 

Glu Val Leu Pro Val Ala lie Asn Glu Lys Ser Arg Ser Phe Ser Phe 
1285 1290 1295 

Glu Lys Glu Ser Lys Ala He Asn Gly Arg Leu He Arg Gin Arg Ser 
1300 1305 1310 

Glu Glu Tyr Val Ser His He Asp Ser Asp He Gly Leu Gly Val Ser 
1315 1320 1325 

Pro Cys Leu Leu Leu Thr Ala Leu Thr Thr Ser Asn Ala Ala Asp Gly 
1330 1335 1340 

Met Ser Leu Glu Arg Phe Glu Thr He Gly Asp Ser Phe Leu Lys Phe 
1345 1350 1355 1360 

Ala Thr Thr Asp Tyr Leu Tyr His Thr Leu Leu Asp Gin His Glu Gly 
1365 1370 1375 

Lys Leu Ser Phe Ala Arg Ser Lys Glu Val Ser Asn CYs Asn Leu Tyr 
1380 1385 1390 

Arg Leu Gly Lys Lys Leu Gly He Pro Gin Leu He Val Ala Asn Lys 
1395 1400 1405 

Phe Asp Ala His Asp Ser Trp Leu Pro Pro Cys Tyr He Pro Thr Cys 
1410 1415 1420 

Asp Phe Lys Ala Pro Asn Thr Asp Asp Ala Glu Glu Lys Asp Asn Glu 
1425 1430 1435 1440 

He Glu Arg He Leu Asp Gly Gin Val He Glu Glu Lys Pro Glu Asn 
1445 1450 1455 

Lys Thr Gly Trp Asp He Gly Gly Asp Val Ser Lys Ser Thr Thr Asp 
1460 1465 1470 

Gly He Glu Thr He Thr Phe Pro Lys Gin Ala Arg Val Gly Asn Asp 
1475 1480 1485 

Asp He Ser Pro Leu Pro Tyr Asn Leu Leu Thr Gin Gin His He Ser 
1490 1495 1500 
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Asp Lys Ser lie Ala Asp Ala Val Glu Ala Leu lie Gly Val His Leu 
1505 1510 1515 1520 



Leu Thr Leu Gly Pro Asn Pro Thr Leu Lys Val Met Asn Trp Met Gly 
1525 1530 1535 

Leu Lys Val lie Gin Lys Asp Gin Lys Ser Asp Val Pro Ser Pro Leu 
1540 1545 1550 

Leu Arg Phe lie Asp Thr Pro Thr Asn Pro Asn Ala Ser Leu Asn Phe 
1555 1560 1565 

Leu Asn Asn Leu Trp Gin Gin Phe Gin Phe Thr Gin Leu Glu Glu Lys 
1570 1575 1580 



lie Gly Tyr Arg Phe Lys Glu Arg Ala Tyr Leu Val Gin Ala Phe Thr 
1585 1590 1595 1600 

His Ala Ser Tyr lie Asn Asn Arg Val Thr Gly Cys Tyr Gin Arg Leu 
1605 1610 1615 

Glu Phe Leu Gly Asp Ala Val Leu Asp Tyr Met lie Thr Arg Tyr Leu 
1620 1625 1630 

Phe Glu Asp Ser Arg Gin Tyr Ser Pro Gly Val Leu Thr Asp Leu Arg 
1635 1640 1645 

Ser Ala Leu Val Asn Asn Thr lie Phe Ala Ser Leu Ala Val Lys Phe 
1650 1655 1660 

Glu Phe Gin Lys His Phe lie Ala Met Cys Pro Gly Leu Tyr His Met 
1665 1670 1675 1680 

lie Glu Lys Phe Val Lys Leu Cys Ser Glu Arg Asn Phe Asp Thr Asn 
1685 1690 1695 

Phe Asn Ala Glu Met Tyr Met Val Thr Thr Glu Glu Glu lie Asp Glu 
1700 . 1705 1710 

Gly Gin Glu Glu Asp lie Glu Val Pro Lys Ala Met Gly Asp He Phe 
1715 1720 1725 

Glu Ser Val Ala Gly Ala He Tyr Leu Asp Ser Gly Arg Asn Leu Asp 
1730 1735 1740 

Thr Thr Trp Gin Val He Phe His Met Met Arg Gly Thr He Glu Leu 
1745 1750 1755 1760 

Cys Cys Ala Asn Pro Pro Arg Ser Pro He Arg Glu Leu Met Glu Phe 
1765 1770 1775 

Glu Gin Ser Lys Val Arg Phe Ser Lys Met Glu Arg He Leu Glu Ser 
1780 1785 1790 

Gly Lys Val Arg Val Thr Val Glu Val Val Asn Asn Met Arg Phe Thr 
1795 1800 1805 

Gly Met Gly Arg Asn Tyr Arg He Ala Lys Ala Thr Ala Ala Lys Arg 
1810 1815 1820 
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Ala Leu Lys Tyr Leu His Gin lie Glu Gin Gin Arg Arg Gin Ser Pro 
1825 1830 1835 1840 



Ser Leu Thr Thr Val 
1845 



<210> 3 

<211> 7037 

<212> DNA 

<213> Homo sapiens 

<220> 

<223> human ribonuclease III (RNase III) dcr-1 homolog, 
DICERl, helicase-MOI, HERNA, KIAA0928, 
K12H4.8-like cDNA 

<220> 
<221> CDS 

<222> (183) , . (5957) 
<223> DICERl 



<400> 3 

ggaaactctg 

ttttccaata 

tctcaaacat 

gaatgaaaag 

cttcctcacc 

acatttatac 

ccatcgtctg 

agagctgtct 

tcttggtcaa 

atctcaaggt 

ggaaccaaga 

ttttgaaaaa 

atcttgcaat 

catgtcctcg 

atttggaaga 

ctgacctggt 

gaccatttac 

ttaattttat 

tttcgaaaca 

cagataaagt 

aggagctgca 

tatgtgaaga 

tcaaactgct 

ttgagtggta 

atgatgagga 

ttaccaacat 

acagattgat 

tcataactgg 

tcagaaaaca 

caacaagtat 

atttgcccac 

ctaattatat 

cctacaaagc 

agactgacat 

ctgacgatgg 

gtgctagatt 

tgcctgatgg 

ccattgttgg 



aaagaactta 
aactgctatc 
taaaacgtaa 
ccctgctttg 
aatgggtcct 
gccaagaaaa 
tttaaacact 
ctatctagat 
ctctgcaaac 
tggggaatac 
gtttactaag 
tggttactta 
cctagaccac 
cattttggga 
aaagtttcag 
ggtcttagac 
tgacagaagt 
caatgattgt 
gatactatca 
agctggaatg 
caggaaattt 
gcacttctca 
cgaaatctta 
taataataga 
tgaagaaatt 
tttgtgcgga 
aaaggaagct 
acatggcatt 
ggaagaggta 
tgtagaagag 
agaatatcga 
aatgttagcg 
tattgaaaag 
tgatcctgtc 
tggtccacga 
accaagtgat 
tacattttat 
tccaccaatg 



gaatcagcat 
acaatgtcaa 
gctgtgctag 
caacccctca 
ttctttggac 
tatcaggttg 
ggctcaggga 
ctaggggaga 
caggttgctc 
tcaaacctag 
caccaggttc 
tcactgtcag 
ccctatcgag 
ctaactgctt 
aaactagaga 
aggtatactt 
gggctttatg 
aatatatctg 
gactgtcgtg 
atggtaagag 
ttattgttta 
cctgcctcac 
cgcaaatata 
aatcaggata 
gaagaaaaag 
attatttttg 
ggcaaacaag 
gggaagaatc 
cttaggaaat 
ggtgttgata 
tcctatgttc 
gatacagaca 
atcttgagaa 
atggatgatg 
gtcacaatca 
ccgtttactc 
tcaactcttt 
agctgtgtac 



tttgagagca 
aatgcagttc 
aacaaaaatg 
gcatggcagg 
tgccatggca 
aactgcttga 
agacatttat 
cttcagctag 
aacaagtgtc 
aagtaaatgc 
tcattatgac 
acattaacct 
aatttatgaa 
ccattttaaa 
aaattcttaa 
ctcagccatg 
aaagactgct 
tacattcaaa 
ccgtattggt 
aactacagaa 
cagacacttt 
ttgacctgaa 
aaccatatga 
attatgtgtc 
agaagccaga 
tggaaagaag 
atccagagct 
agcctcgcaa 
ttcgagcaca 
taccaaaatg 
aatctaaagg 
aaataaaaag 
acaagtgttc 
atcacgtttt 
acacggccat 
atctagctcc 
atctgccaat 
gattggctga 



gaagcttggg 
agacaagagc 
caatgaaaga 
cctgcagctc 
acaagaagca 
agcagctctg 
tgctagtact 
aaatggaaaa 
agctgtcaga 
atcttggaca 
ttgctatgtc 
tttggtgttt 
gctctgtgaa 

tgggaaatgg 

gagtaatgct 
tgagattgtg 
gatggaatta 
agaaagagat 
agttctggga 
atacatcaaa 
cctaaggaaa 
atttgtaact 
gcgacacagt 
atggagtgat 
gacaaatttt 
atacacagca 
ggcttatatc 
caacacgatg 
tgagaccaac 
caacttggtg 
aagagcaagg 
ttttgaagaa 
caagtcggtt 
cccaccatat 
tggacacatc 
taaatgcaga 
taactcacct 
aagagttgtc 



catgctgtga 
aacacagaga 
aacactggat 
atgacccctg 
attcatgata 
gatcataata 
actctactaa 
aggacggtgt 
actcattcag 
aaagagagat 
gccttgaatg 
gatgagtgtc 
atttgtccat 
gatccagagg 
gaaactgcaa 
gtggattgtg 
gaagaagcac 
tctactttaa 
ccctggtgtg 
catgagcaag 
atacatgcac 
cctaaagtaa 
tttgaaagcg 
tctgaggatg 
ccttctcctt 
gttgtcttaa 
agtagcaatt 
gaagcagaat 
ctgcttattg 
gttcgttttg 
gcacccatct 
gaccttaaaa 
gatactggtg 
gtgttgaggc 
aatagatact 
acccgagagt 
cttcgagcct 
gctctcattt 



60 

120 

180 

240 

300 

360 

420 

480 

540 

600 

660 

720 

780 

840 

900 

960 

1020 

1080 

1140 

1200 

1260 

1320 

1380 

1440 

1500 

1560 

1620 

1680 

1740 

1800 

1860 

1920 

1980 

2040 

2100 

2160 

2220 

2280 
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gctgtgagaa 
agactgttaa 
gaagaccagg 
gggatagtta 
ctacaccttt 
ccacaagatg 
tgtacacacg 
tgtctctaca 
ttcggcttga 
ttctacctct 
aagatattga 
caccctttgt 
attttgatca 
gtaaatttcc 
ttgacctaac 
atcttttgac 
agaagaggaa 
gtgctataca 
tttatcgcct 
ctggcgtggg 
ggaaaaaatc 
atgataatta 
atagaacctc 
gcgagtcccc 
tttcttacaa 
aaggaaatca 
ccattcagaa 
tgagtaataa 
tggccgtaat 
agcagagccc 
ttcaggcttt 
ttggcgactc 
cgcatgaggg 
gccttggaaa 
tgaattggct 
aaaaagatga 
aggaggagga 
atgaagatga 
tggggtcagg 
catatgaatg 
ttgaggattt 
ttgaagaaga 
acacgggaaa 
gcatagcgga 
ctgctcagct 
atcgggaaaa 
cagtgagctg 
aatatggttg 
cactgaatca 
agaataaggc 
ctgattgtta 
agcaccttta 
ccctggtcaa 
tcaaagctgt 
agaagaatga 
aagaagagga 
ccatttacat 
tgcggccact 
ttgaaatgga 
tcagagtcac 
ggattgccaa 



actgcacaaa 
atatgaagag 
ttccacgaaa 
tcccagacct 
acctgatgaa 
ctttggaata 
ctctggagag 
aatgcttgag 
aaaacctgca 
taatgttgtt 
gaagtctgaa 
ttttaaatta 
gcctcatcga 
ttcccctgag 
caatctcaac 
acctcgacat 
agccaaatgg 
tccaattcca 
tcactgcctt 
agtcagatca 
tattgacagc 
ctgtaagcac 
ctctctagaa 
tggtaagctc 
tcaaaatctc 
gctaaattac 
tttatacagt 
ataccttgat 
gcctggtacg 
ttctattggg 
gactctgtca 
ctttttaaag 
ccgcctttca 
aaagaaggga 
tcctcctggt 
aatgacaaaa 
tgaggaggag 
tttcctggag 
agcttttgta 
gaaaatgccc 
tgactacagc 
tgactttgtg 
gcagtccatt 
ctgtgtggaa 
tttcctctgt 
ggccctgtgc 
tgctgctgct 
tttgaagatt 
ccttatatcg 
ttaccttctc 
ccagcgctta 
tgaagacccg 
caacaccatc 
ctctcctgag 
aatgcaagga 
tattgaagtt 
ggatagtggg 
aatagaaaag 
accagaaact 
tgtggaagta 
atctgcagca 



attggcgaac 
gagcttgatt 
cgaaggcagt 
gatcagccct 
ctcaacttta 
ctgacggcca 
gttaccatat 
ttgattacaa 
ctagaattta 
aatgactcca 
gctcgcatag 
gaagattacc 
ttttatgtag 
tatgaaactt 
cagccactgc 
ttgaatcaga 
gaaagtctgc 
gcatcactgt 
ttgactgcag 
cttcctgcgg 
aaatctttca 
agcacaattg 
aatcatgacc 
cacgttgaag 
gccaatggca 
tacaagcagg 
tacgagaacc 
ggaaatgcta 
acagacacta 
tactcctcaa 
aacgctagtg 
catgccatca 
tatatgagaa 
ctacccagcc 
tatgtagtaa 
gactgcatgc 
gagagcctga 
tatgatcagg 
aagaaaatct 
aaaaaatcct 
tcttgggatg 
gtggggttct 
tcttacgact 
gccctgctgg 
tcactggggc 
cctactcggg 
tctgtggcca 
ccaccaagat 
gggtttgaaa 
caggctttta 
gaattcctgg 
cggcagcact 
tttgcatcgc 
ctcttccatg 
atggattctg 
ccaaaggcca 
atgtcactgg 
ttttctgcaa 
gccaaattta 
gtaggaaagg 
gcaagaagag 



tggatgacca 
tgcatgatga 
gctacccaaa 
gttacctgta 
gaaggcggaa 
aacccatacc 
ccattgagtt 
gacttcacca 
aacctacaga 
gcactttgga 
gcattcccag 
aagatgccgt 
ctgatgtgta 
ttgcagaata 
tggatgtgga 
aggggaaagc 
agaataaaca 
ggagaaaagc 
aggagctaag 
attttagata 
tctcaatttc 
tccctgaaaa 
aaatgtctgt 
tttcagcaga 
gttatgattt 
aaatacccgt 
agccccagcc 
acaaatctac 
ttcaagtgct 
ggactcttgg 
atggatttaa 
ccacatatct 
gcaaaaaggt 
gcatggtggt 
atcaagacaa 
tggcgaatgg 
tgtggagggc 
aacatatcag 
ctctttctcc 
ccttaggtag 
caatgtgcta 
ggaatccatc 
tgcacactga 
gctgctattt 
tgaaggtgct 
agaatttcaa 
gttcacgctc 
gtatgtttga 
attttgaaaa 
cacatgcctc 
gagatgcgat 
ccccgggggt 
tggctgtaaa 
tcattgatga 
agcttaggag 
tgggggatat 
agacagtctg 
atgtaccccg 
gcccggctga 
ggaaatttaa 
ccctccgaag 



tttgatgcca 
agaagagacc 
agcaattcca 
tgtgatagga 
gctctatcct 
tcagattcca 
gaagaagtct 
gtatatattc 
cgctgattca 
tattgacttt 
tacaaagtat 
tatcattcca 
cactgatctt 
ttataaaaca 
ccacacatct 
gcttccttta 
gatactggtt 
tgtttgtctc 
agcccagact 
ccctaactta 
taactcctct 
tgctgcacat 
gaactgcaga 
tcttacagca 
agctaacaga 
gcaaccaact 
cagcgatgaa 
ctcagatgga 
caagggcagg 
ccccaatcct 
cctggagcgg 
attttgcact 
cagcaactgt 
gtcaatattt 
aagcaacaca 
caaactggat 
tccgaaggaa 
atttatagat 
tttttcaacc 
tatgccattt 
tctggatcct 
agaagaaaac 
gcagtgtatt 
aaccagctgt 
cccggtaatt 
cagccaacaa 
ttctgtattg 
tcatccagat 
gaaaatcaac 
ctaccactac 
tttggactac 
cctgacagac 
gtacgactac 
ctttgtgcag 
atctgaggag 
ttttgagtcg 
gcaggtgtac 
ttcccctgtg 
gagaacttac 
aggtgttggt 
cctcaaagct 



gttgggaaag 
agtgttccag 
gagtgtttga 
atggttttaa 
cctgaagata 
cactttcctg 
ggtttcatgt 
tcacatattc 
gcatactgtg 
aaattcatgg 
acaaaagaaa 
agatatcgca 
accccactca 
aagtacaacc 
tcaagactta 
agcagtgctg 
ccagaactct 
cccagcatac 
gccagcgatg 
gacttcgggt 
tcagctgaaa 
caaggtgcta 
acgttgctca 
attaatggtc 
gacttttgcc 
acctcatatt 
tgtactctcc 
agtcctgtga 
atggattctg 
ggacttattc 
cttgaaatgc 
taccctgatg 
aatctgtatc 
gatccccctg 
gataaatggg 
gaggattacg 
gaggctgact 
aatatgttaa 
actgattctg 
tcatcagatt 
agcaaagctg 
tgtggtgttg 
gctgacaaaa 
ggggagaggg 
aaaaggactg 
aagaaccttt 
aaagactcgg 
gcagataaaa 
tacagattca 
aatactatca 
ctcataacca 
ctgcggtctg 
cacaagtact 
tttcagcttg 
gatgaagaga 
cttgctggtg 
tatcccatga 
cgagaattgc 
gacgggaagg 
cgaagttaca 
aatcaacctc 



2340 
2400 
2460 
2520 
2580 
2640 
2700 
2760 
2820 
2880 
2940 
3000 
3060 
3120 
3180 
3240 
3300 
3360 
3420 
3480 
3540 
3600 
3660 
3720 
3780 
3840 
3900 
3960 
4020 
4080 
4140 
4200 
4260 
4320 
4380 
4440 
4500 
4560 
4620 
4680 
4740 
4800 
4860 
4920 
4980 
5040 
5100 
5160 
5220 
5280 
5340 
5400 
5460 
5520 
5580 
5640 
5700 
5760 
5820 
5880 
5940 
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aggttcccaa tagctgaaac cgctttttaa aattcaaaac aagaaacaaa acaaaaaaaa 6000 
ttaaggggaa aattatttaa atcggaaagg aagacttaaa gttgatagtg agtggaatga 6060 
attgaaggca gaatttaaag tttggttgat aacaggatag ataacagaat aaaacattta 6120 
acatatgtat aaaattttgg aactaattgt agttttagtt ttttgcgcaa acacaatctt 6180 
atcttctttc ctcacttctg ctttgtttaa atcacaagag tgctttaatg atgacattta 624 0 
gcaagtgctc aaaataattg acaggttttg tttttttttt tttgagttta tgtcagcttt 6300 
gcttagtgtt agaaggccat ggagcttaaa cctccagcag tccctaggat gatgtagatt 6360 
cttctccatc tctccgtgtg tgcagtagtg ccagtcctgc agtagttgat aagctgaata 6420 
gaaagataag gttttcgaga ggagaagtgc gccaatgttg tcttttcttt ccacgttata 6480 
ctgtgtaagg tgatgttccc ggtcgctgtt gcacctgata gtaagggaca gatttttaat 6540 
gaacattggc tggcatgttg gtgaatcaca ttttagtttt ctgatgccac atagtcttgc 6600 
ataaaaaagg gttcttgcct taaaagtgaa accttcatgg atagtcttta atctctgatc 6660 
tttttggaac aaactgtttt acattccttt cattttatta tgcattagac gttgagacag 6720 
cgtgatactt acaactcact agtatagttg taacttatta caggatcata ctaaaatttc 6780 
tgtcatatgt atactgaaga cattttaaaa accagaatat gtagtctacg gatatttttt 6840 
atcataaaaa tgatctttgg ctaaacaccc cattttacta aagtcctcct gccaggtagt 6900 
tcccactgat ggaaatgttt atggcaaata attttgcctt ctaggctgtt gctctaacaa 6960 
aataaacctt agacatatca cacctaaaat atgctgcaga ttttataatt gattggttac 7020 
ttatttaaga agcaaaa 7037 



<210> 4 

<211> 1924 

<212> PRT 

<213> Homo sapiens 

<220> 

<223> human ribonuclease III (RNase III) dcr-1 homolog, 
DICERl, helicase-MOI, HERNA, KIAA0928, 
K12H4 . 8-like 

<400> 4 

Met Lys Ser Pro Ala Leu Gin Pro Leu Ser Met Ala Gly Leu Gin Leu 
15 10 15 

Met Thr Pro Ala Ser Ser Pro Met Gly Pro Phe Phe Gly Leu Pro Trp 
20 25 30 

Gin Gin Glu Ala lie His Asp Asn lie Tyr Thr Pro Arg Lys Tyr Gin 
35 40 45 

Val Glu Leu Leu Glu Ala Ala Leu Asp His Asn Thr lie Val Cys Leu 
50 55 60 

Asn Thr Gly Ser Gly Lys Thr Phe lie Ala Ser Thr Thr Leu Leu Lys 
65 70 75 80 

Ser Cys Leu Tyr Leu Asp Leu Gly Glu Thr Ser Ala Arg Asn Gly Lys 
85 90 95 

Arg Thr Val Phe Leu Val Asn Ser Ala Asn Gin Val Ala Gin Gin Val 
100 105 110 

Ser Ala Val Arg Thr His Ser Asp Leu Lys Val Gly Glu Tyr Ser Asn 
115 120 125 

Leu Glu Val Asn Ala Ser Trp Thr Lys Glu Arg Trp Asn Gin Glu Phe 
130 135 140 

Thr Lys His Gin Val Leu lie Met. Thr Cys Tyr Val Ala Leu Asn Val 
145 150 155 160 
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Leu Lys Asn Gly 



Asp Glu Cys His 
180 

Lys Leu Cys Glu 
195 

Ala Ser lie Leu 
210 

Phe Gin Lys Leu 

225 

Asp Leu Val Val 



Val Asp Cys Gly 
260 

Leu Met Glu Leu 
275 

Ser Val His Ser 
290 

Leu Ser Asp Cys 
305 

Asp Lys Val Ala 



His Glu Gin Glu 
340 

Phe Leu Arg Lys 
355 

Ser Leu Asp Leu 
370 

lie Leu Arg Lys 
385 

Glu Trp Tyr Asn 



Ser Glu Asp Asp 
420 

Glu Thr Asn Phe 
435 

Phe Val Glu Arg 
450 

Glu Ala Gly Lys 
465 



Tyr Leu Ser Leu 
165 

Leu Ala lie Leu 



lie Cys Pro Ser 
200 

Asn Gly Lys Trp 
215 

Glu Lys lie Leu 
230 

Leu Asp Arg Tyr 
245 

Pro Phe Thr Asp 



Glu Glu Ala Leu 
280 

Lys Glu Arg Asp 
295 

Arg Ala Val Leu 

310 

Gly Met Met Val 
325 

Glu Leu His Arg 



lie His Ala Leu 
360 

Lys Phe Val Thr 
375 

Tyr Lys Pro Tyr 
390 

Asn Arg Asn Gin 
405 

Asp Glu Asp Glu 



Pro Ser Pro Phe 
440 

Arg Tyr Thr Ala 
455 

Gin Asp Pro Glu 
470 



Ser Asp lie Asn 
170 

Asp His Pro Tyr 
185 

Cys Pro Arg lie 



Asp Pro Glu Asp 
220 

Lys Ser Asn Ala 
235 

Thr Ser Gin Pro 
250 

Arg Ser Gly Leu 
265 

Asn Phe lie Asn 



Ser Thr Leu lie 
300 

Val Val Leu Gly 
315 

Arg Glu Leu Gin 
330 

Lys Phe Leu Leu 
345 

Cys Glu Glu His 



Pro Lys Val lie 
380 

Glu Arg His Ser 
395 

Asp Asn Tyr Val 
410 

Glu lie Glu Glu 
425 

Thr Asn lie Leu 



Val Val Leu Asn 
460 

Leu Ala Tyr lie 
475 



Leu Leu Val Phe 
175 

Arg Glu Phe Met 
190 

Leu Gly Leu Thr 
205 

Leu Glu Glu Lys 



Glu Thr Ala Thr 
240 

Cys Glu He Val 
255 

Tyr Glu Arg Leu 
270 

Asp Cys Asn He 
285 

Ser Lys Gin He 



Pro Trp Cys Ala 
320 

Lys Tyr He Lys 
335 

Phe Thr Asp Thr 
350 

Phe Ser Pro Ala 
365 

Lys Leu Leu Glu 



Phe Glu Ser Val 
400 

Ser Trp Ser Asp 
415 

Lys Glu Lys Pro 
430 

Cys Gly He He 
445 

Arg Leu He Lys 



Ser Ser Asn Phe 
480 
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lie Thr Gly His 



Glu Ala Glu Phe 
500 

His Glu Thr Asn 
515 

Asp lie Pro Lys 
530 

Tyr Arg Ser Tyr 
545 

Asn Tyr lie Met 



Asp Leu Lys Thr 
580 

Ser Lys Ser Val 
595 

Asp Asp His Val 
610 

Pro Arg Val Thr 
625 

Ala Arg Leu Pro 



Thr Arg Glu Leu 
660 

lie Asn Ser Pro 
675 

Val Arg Leu Ala 
690 

His Lys lie Gly 
705 

Thr Val Lys Tyr 



Ser Val Pro Gly 
740 

Lys Ala lie Pro 
755 

Pro Cys Tyr Leu 

770 

Asp Glu Leu Asn 
785 



Gly lie Gly Lys 
485 

Arg Lys Gin Glu 



Leu Leu lie Ala 
520 

Cys Asn Leu Val 
535 

Val Gin Ser Lys 
550 

Leu Ala Asp Thr 
565 

Tyr Lys Ala lie 



Asp Thr Gly Glu 
600 

Phe Pro Pro Tyr 
615 

lie Asn Thr Ala 
630 

Ser Asp Pro Phe 
645 

Pro Asp Gly Thr 



Leu Arg Ala Ser 
680 

Glu Arg Val Val 
695 

Glu Leu Asp Asp 
710 

Glu Glu Glu Leu 
725 

Arg Pro Gly Ser 



Glu Cys Leu Arg 
760 

Tyr Val lie Gly 
775 

Phe Arg Arg .Arg 
790 



Asn Gin Pro Arg 
490 

Glu Val Leu Arg 
505 

Thr Ser He Val 



Val Arg Phe Asp 
540 

Gly Arg Ala Arg 
555 

Asp Lys He Lys 
570 . 

Glu Lys He Leu 
585 

Thr Asp He Asp 



Val Leu Arg Pro 
620 

He Gly His He 
635 

Thr His Leu Ala 
650 

Phe Tyr Ser Thr 
665 

He Val Gly Pro 



Ala Leu He Cys 
700 

His Leu Met Pro 
715 

Asp Leu His Asp 
730 

Thr Lys Arg Arg 
745 

Asp Ser Tyr Pro 



Met Val Leu Thr 
780 

Lys Leu Tyr Pro 
795 



Asn Asn Thr Met 
495 

Lys Phe Arg Ala 
510 

Glu Glu Gly Val 
525 

Leu Pro Thr Glu 



Ala Pro He Ser 
560 

Ser Phe Glu Glu 
575 

Arg Asn Lys Cys 
590 

Pro Val Met Asp 
605 

Asp Asp Gly Gly 



Asn Arg Tyr Cys 
640 

Pro Lys Cys Arg 
655 

Leu Tyr Leu Pro 
670 

Pro Met Ser Cys 
685 

Cys Glu Lys Leu 



Val Gly Lys Glu 
720 

Glu Glu Glu Thr 
735 

Gin Cys Tyr Pro 
750 

Arg Pro Asp Gin 
765 

Thr Pro Leu Pro 



Pro Glu Asp Thr 
800 
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Thr Arg Cys Phe Gly He Leu Thr Ala Lys Pro He Pro Gin He Pro 
805 810 815 



His Phe Pro Val Tyr Thr Arg Ser Gly Glu Val Thr He Ser He Glu 
820 825 830 

Leu Lys Lys Ser Gly Phe Met Leu Ser Leu Gin Met Leu Glu Leu He 
835 840 845 

Thr Arg Leu His Gin Tyr He Phe Ser His He Leu Arg Leu Glu Lys 
850 855 860 

Pro Ala Leu Glu Phe Lys Pro Thr Asp Ala Asp Ser Ala Tyr Cys Val 
865 870 875 880 

Leu Pro Leu Asn Val Val Asn Asp Ser Ser Thr Leu Asp He Asp Phe 
885 890 895 

Lys Phe Met Glu Asp He Glu Lys Ser Glu Ala Arg He Gly He Pro 
900 905 910 

Ser Thr Lys Tyr Thr Lys Glu Thr Pro Phe Val Phe Lys Leu Glu Asp 
915 920 925 

Tyr Gin Asp Ala Val He He Pro Arg Tyr Arg Asn Phe Asp Gin Pro 

930 335 340 

His Arg Phe Tyr Val Ala Asp Val Tyr Thr Asp Leu Thr Pro Leu Ser 
945 950 955 960 

Lys Phe Pro Ser Pro Glu Tyr Glu Thr Phe Ala Glu Tyr Tyr Lys Thr 
965 970 975 

Lys Tyr Asn Leu Asp Leu Thr Asn Leu Asn Gin Pro Leu Leu Asp Val 
980 985 990 

Asp His Thr Ser Ser Arg Leu Asn Leu Leu Thr Pro Arg His Leu Asn 
995 1000 1005 

Gin Lys Gly Lys Ala Leu Pro Leu Ser Ser Ala Glu Lys Arg Lys Ala 
1010 1015 1020 

Lys Trp Glu Ser Leu Gin Asn Lys Gin He Leu Val Pro Glu Leu Cys 
1025 1030 1035 1040 

Ala He His Pro He Pro Ala Ser Leu Trp Arg Lys Ala Val Cys Leu 
1045 1050 1055 

Pro Ser He Leu Tyr Arg Leu His Cys Leu Leu Thr Ala Glu Glu Leu 
1060 1065 1070 

Arg Ala Gin Thr Ala Ser Asp Ala Gly Val Gly Val Arg Ser Leu Pro 
1075 1080 1085 

Ala Asp Phe Arg Tyr Pro Asn Leu Asp Phe Gly Trp Lys Lys Ser He 
1090 1095 1100 

Asp Ser Lys Ser Phe He Ser He Ser Asn Ser Ser Ser Ala Glu Asn 
1105 1110 1115 1120 
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Asp Asn Tyr Cys hys His Ser Thr lie Val Pro Glu Asn. Ala Ala His 
1125 1130 1135 



Gin Gly Ala Asn Arg Thr Ser Ser Leu Glu Asn His Asp Gin Met Ser 
1140 1145 1150 

Val Asn Cys Arg Thr Leu Leu Ser Glu Ser Pro Gly Lys Leu His Val 
1155 1160 1165 

Glu Val Ser Ala Asp Leu Thr Ala lie Asn Gly Leu Ser Tyr Asn Gin 
1170 1175 1180 

Asn Leu Ala Asn Gly Ser Tyr Asp Leu Ala Asn Arg Asp Phe Cys Gin 
1185 1190 1195 1200 

Gly Asn Gin Leu Asn Tyr Tyr Lys Gin Glu lie Pro Val Gin Pro Thr 
1205 1210 1215 

Thr Ser Tyr Ser lie Gin Asn Leu Tyr Ser Tyr Glu Asn Gin Pro Gin 
1220 1225 1230 

Pro Ser Asp Glu Cys Thr Leu Leu Ser Asn Lys Tyr Leu Asp Gly Asn 
1235 1240 1245 

Ala Asn Lys Ser Thr Ser Asp Gly Ser Pro Val Met Ala Val Met Pro 



Gly Thr Thr Asp Thr lie Gin Val Leu Lys Gly Arg Met Asp Ser Glu 
1265 1270 1275 1280 

Gin Ser Pro Ser lie Gly Tyr Ser Ser Arg Thr Leu Gly Pro Asn Pro 
1285 1290 1295 

Gly Leu lie Leu Gin Ala Leu Thr Leu Ser Asn Ala Ser Asp Gly Phe 
1300 1305 1310 

Asn Leu Glu Arg Leu Glu Met Leu Gly Asp Ser Phe Leu Lys His Ala 
1315 1320 1325 

lie Thr Thr Tyr Leu Phe Cys Thr Tyr Pro Asp Ala His Glu Gly Arg 
1330 1335 1340 

Leu Ser Tyr Met Arg Ser Lys Lys Val Ser Asn Cys Asn Leu Tyr Arg 
1345 1350 1355 1360 

Leu Gly Lys Lys Lys Gly Leu Pro Ser Arg Met Val Val Ser lie Phe 
1365 1370 1375 

Asp Pro Pro Val Asn Trp Leu Pro Pro Gly Tyr Val Val Asn Gin Asp 
1380 1385 1390 

Lys Ser Asn Thr Asp Lys Trp Glu Lys Asp Glu Met Thr Lys Asp Cys 
1395 1400 1405 

Met Leu Ala Asn Gly Lys Leu Asp Glu Asp Tyr Glu Glu Glu Asp Glu 
1410 1415 1420 

Glu Glu Glu Ser Leu Met Trp Arg Ala Pro Lys Glu Glu Ala Asp Tyr 
1425 1430 1435 1440 
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Glu Asp Asp Phe Leu Glu Tyr Asp Gin Glu His lie Arg Phe lie Asp 
1445 1450 1455 

Asn Met Leu Met Gly Ser Gly Ala Phe Val Lys Lys lie Ser Leu Ser 
1460 1465 1470 

Pro Phe Ser Thr Thr Asp Ser Ala Tyr Glu Trp Lys Met Pro Lys Lys 
1475 1480 1485 

Ser Ser Leu Gly Ser Met Pro Phe Ser Ser Asp Phe Glu Asp Phe Asp 
1490 1495 1500 

Tyr Ser Ser Trp Asp Ala Met Cys Tyr Leu Asp Pro Ser Lys Ala Val 
1505 1510 1515 1520 

Glu Glu Asp Asp Phe Val Val Gly Phe Trp Asn Pro Ser Glu Glu Asn 
1525 1530 1535 

Cys Gly Val Asp Thr Gly Lys Gin Ser lie Ser Tyr Asp Leu His Thr 
1540 1545 1550 

Glu Gin Cys lie Ala Asp Lys Ser lie Ala Asp Cys Val Glu Ala Leu 
1555 1560 1565 

Leu Gly Cys Tyr Leu Thr Ser Cys Gly Glu Arg Ala Ala Gin Leu Phe 
1570 1575 1580 

Leu Cys Ser Leu Gly Leu Lys Val Leu Pro Val lie Lys Arg Thr Asp 
1585 1590 1595 1600 

Arg Glu Lys Ala Leu Cys Pro Thr Arg Glu Asn Phe Asn Ser Gin Gin 
1605 1610 1615 

Lys Asn Leu Ser Val Ser Cys Ala Ala Ala Ser Val Ala Ser Ser Arg 
1620 1625 1630 

Ser Ser Val Leu Lys Asp Ser Glu Tyr Gly Cys Leu Lys lie Pro Pro 
1635 1640 1645 

Arg Cys Met Phe Asp His Pro Asp Ala Asp Lys Thr Leu Asn His Leu 
1650 1655 1660 

lie Ser Gly Phe Glu Asn Phe Glu Lys Lys lie Asn Tyr Arg Phe Lys 
1665 1670 1675 1680 

Asn Lys Ala Tyr Leu Leu Gin Ala Phe Thr His Ala Ser Tyr His Tyr 
1685 1690 1695 

Asn Thr lie Thr Asp Cys Tyr Gin Arg Leu Glu Phe Leu Gly Asp Ala 
1700 1705 1710 

lie Leu Asp Tyr Leu lie Thr Lys His Leu Tyr Glu Asp Pro Arg Gin 
1715 1720 1725 

His Ser Pro Gly Val Leu Thr Asp Leu Arg Ser Ala Leu Val Asn Asn 
1730 1735 1740 

Thr lie Phe Ala Ser Leu Ala Val Lys Tyr Asp Tyr His Lys Tyr Phe 
1745 1750 1755 1760 
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Lys Ala Val Ser Pro Glu Leu Phe His Val lie Asp Asp Phe Val Gin 
1765 1770 1775 



Phe Gin Leu Glu Lys Asn Glu Met Gin Gly Met Asp Ser Glu Leu Arg 
1780 1785 1790 

Arg Ser Glu Glu Asp Glu Glu Lys Glu Glu Asp lie Glu Val Pro Lys 
1795 1800 1805 

Ala Met Gly Asp lie Phe Glu Ser Leu Ala Gly Ala lie Tyr Met Asp 
1810 1815 1820 

Ser Gly Met Ser Leu Glu Thr Val Trp Gin Val Tyr Tyr Pro Met Met 
1825 1830 1835 1840 

Arg Pro Leu lie Glu Lys Phe Ser Ala Asn Val Pro Arg Ser Pro Val 
1845 1850 1855 

Arg Glu Leu Leu Glu Met Glu Pro Glu Thr Ala Lys Phe Ser Pro Ala 
1860 1865 1870 

Glu Arg Thr Tyr Asp Gly Lys Val Arg Val Thr Val Glu Val Val Gly 
1875 1880 1885 

Lys Gly Lys Phe Lys Gly Val Gly Arg Ser Tyr Arg lie Ala Lys Ser 
1890 1895 1900 

Ala Ala Ala Arg Arg Ala Leu Arg Ser Leu Lys Ala Asn Gin Pro Gin 
1905 1910 1915 1920 

Val Pro Asn Ser 



<210> 5 
<211> 39 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : daf- 2 specific 
PCR primer 

<400> 5 

ggcaccggtg cgggagcatt gaaacgaaca aaacacatc 3 9 



<210> 6 
<211> 27 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence : daf -2 specific 
PCR primer 

<400> 6 

tccagcacat tttcatcacc ttatacc 27 
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<210> 7 
<211> 31 
<212> DNA 

<213> Artificial Secjuence 
<220> 

<223> Description of Artificial Sequence :daf- 16 specific 
PGR primer 

<400> 7 

atctatgatg atctagaatt cccatcatgg g 31 



<210> 8 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence :daf- 16 specific 
PGR primer 

<400> 8 

caaatcaaaa tgaatatgct gccctccagc 30 
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